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PACKAGE INFORMATION 
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Unit: mm (inch) Scale 3/2 
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PACKAGE INFORMATION 
• Dual-in-line Plastic 



Unit: mm (inch) Scale 3/2 
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• Dual-in-line Plastic 



PACKAGE INFORMATION 

Unit: mm (inch) Scale 3/2 



• DP-28C 
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PACKAGE INFORMATION 
• Zigzag-in-line Plastic 



Unit: mm (inch) Scale 3/2 
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f 0.25+g jg 

to.oio±8.g§ 3) 

12.54(0.100)1 
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► Flat Package (J-bend Leads) 



PACKAGE INFORMATION 

Unit: mm (inch) Scale 3/2 



• CP-20D 




HolO.1 0(0.0041 



• CP-24D 

■ 15.63(0.615) . 
16.00max(0.63max) 



■mnnnnn 



j | C Q74(0.029) 



0.43±0.10J 
(0.01710.004)' 



tamMfiAQ 




^10.10(0.004)1 



• CP-40D 



25.80(1.01 6) 



26.16max(1.030max) 







QJ£± 
117+0. 



S 



11.27(0.050 



9.A0±0.25 „ 



;0.37+0.010) 



HolO.1 0(0.004)1 



• CP-20DA 




H^l0.10(0.004H 



• CP-28D 

| f 18.17(0.715) , . 

18.54max(0.730max) 

128 15 

ina aaa annnna 




( 0.74(0.029) 



ft 



0.4310.10^ 



(0.017±0.004) 




J|J1.27(0.050)1 
^o|0.10(0.004)l 



?? 



9.40+0.25 , [ 



(0.37±0.010) 
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PACKAGE INFORMATION 

• TSOP (Thin Small Outline Package) 



Unit: mm (inch) Scale 3/2 



• TFP-20DA 



8 0(0 315) , 

'82 max' 
2 (0 323 max) 1 1 




JO 50 (0 020) I 



^$ 0.08(0 003)©| 



* t 

E L |o| 0.10 



(0 004) | 



20 0±0.2(0.787±0 008) 



(0 551 ±0 008) 



+i — ' 



-) 



a 



50±0 10 



(0 020±0 004) 



• TFP-20DAR 



0(0 315) 




[0 50(0 020)1 



(0 008+0 004) 



3 (0 003) (J 



-liiiiu — mill 

L |q| 10(0 004) | 



20 0±0 2(0 787±0 C 



(0 551 ±0 008) 



50±0 10 



(0 020±0 004) 



► TTP-20D 





17.14 




17.54MX 
20 U 
nnnnn nnnnp 




o 


CM 

to 


Ul 

1 


U II u uuuuu 

JIlLM 10 

0.40*0.10 




> TTP-20DR 

17.14 



1 

nnnnn 



17.54MI 

10 
nnnnn 



Tnpr 

201 



|»|0.2lQ| 







0.4010.10 



9.2210.2 



1»|0.21»| 



i^UUUJ SCOTO* 



jo|0.10| 



£? 



9.2210.2 



-4 0-5' 



3s> 



Jinp 



=OTKHJ* 



o|0.10| 



£c 



-40-5* 



BL 



0.5010.10 



0. 5010. 10 
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RELIABILITY OF HITACHI IC MEMORIES 



1. STRUCTURE 

IC memories are basically classified into bipolar type and 
MOS type and utilized effectively by their characteristics. 
The characteristic of bipolar memories is high speed but 
small capacity, instead, MOS memories have large capacity. 
There are also differences in circuit design, layout pattern, 
degree of integration, and manufacturing process. These 
memories have been produced with the standardized con- 
cept of design and inspection all through the processes of 
designing, manufacturing and inspection. 

• Table 1. Basic Cell Circuit of IC Memories 



IC memories are constituted by the unit patterns called cells, 
which are integrated in high density. The knowhows based 
on our experience have been applied in every production 
stage. In addition, reliability has been ensured using TEG 
(Test Element Group) evaluation. Examples of cell circuits of 
bipolar and MOS memories are shown in Table 1 . 




Classification 



Application 



Example of 
basic cell 
circuit 



Bipolar memory 
(RAM) 



Buffer memory, 
control memory 
of high-speed 
computer 




Bipolar memory 
(PROM) 



Microcomputer 
control use 



£ 



NMOS memory 
(Dynamic RAM) 



NMOS, CMOS 

memories 
(Static RAM) 



Main memory of computer, 
microcomputer memory 



X 




NMOS memory 
(PROM) 



For 

microcomputer 

control 



T 



-~1 



Dies of IC memories are produced in various packages. In 
this process of packaging, Hitachi has also innovated new 
techniques and ensured to high level. As packages for IC 
memories, cerdip (glass-sealed) packages and plastic pack- 
ages are currently used. Also such packages as LCC (Lead- 
ess Chip Carrier) or SOP (Small Outline Package) have been 

• Table 2. IC Memory Package Outline 



developed for high density packaging. Cerdip packages 
sealed hermetically are suitable equipment requiring high re- 
liability. Plastic packages are widely applied to many kinds of 
equipment. Hitachi plastic packages have improved the reli- 
ability level as highly as that of the hermetically sealed pack- 
ages. Table 2 shows the outlines of the Hitachi packages. 



Cerdip 

• 16-Pin 



18-Pin 



• 20-Pin 



• 24-Pin 
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Reliability of Hitachi IC Memories 
■ Cerdip (continued) 



•28-Pin with Lid 



•32-Pin with Lid 





Plastic DIP 

•16-Pin 



•18-Pin 



•20-Pin 



•24-Pin 







• 24-Pin 



• 28-Pin 



• 28-Pin 






Leadless Chip Carrier 

• 20-Pin 



• 22-Pin 



• 24-Pin 





SOP 



PLCC 



• 24-Pin 



• 28/32-Pin 



• 18-Pin 



SOJ 

• 20/26/28/32-Pin 
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Reliability of Hitachi IC Memories 



2. RELIABILITY 

Results of reliability tests are listed below 

2.1 Reliability Test Data on Bipolar Memories 

The reliability test data on the bipolar memories are shown 
in Table 3 and 4. Since they are manufactured under the 

• Table 3. Results on Bipolar Memory Reliability Test (1) 



standardized design rules and quality control, there is no dif- 
ference in reliability among the various types. And the larger 
the capacity is, the higher the reliability per bit becomes. 





HM10480-15 


HM2144CG 


Test Item 


Test 
Conditions 


Sam- 
ples 


Total 

Component 

Hours 


Fail- 
ures 


Failure 
Rate* 
(1/Hr) 


Test 
Conditions 


Sam- 
ples 


Total 

Component 

Hours 


Fail- 
ures 


Failure 
Rate* 
(1/Hr) 


High- 
Temperature 
(Operating) 


T A = 125°C 
V EE = -5.2V 


340 


C.H. 

3.4x105 





1/H 
2.7x10-6 


T A = 125°C 
V EE = -5.2V 


120 


C.H. 

1.2x105 





1/H 
7.7x10-6 


High-Temp 
Storage 


T A = 200°C 


351 


3.51 x 105 





2.6x10-5 


T A = 200°C 


120 


1.2x105 





7.7x10-6 




* Confidence level 60% 

• Table 4. Results on Bipolar Memory Reliability Test (2) 



Test Item 


Test Conditions 


HM10480-15 


HM2144CG 


Samples 


Failure 


Samples 


Failures 


Temperature Cycling 


-55°Cto + 150°C, 10 Cycle 


160 





180 





Soldering Heat 


260°C, 10 Seconds 


35 





22 





Thermal Shock 


0°Cto +100°C, 10 Cycles 


50 





50 





Mechanical Shock 


1500G, 0.5 ms, Three Times Each for X, Y and Z 


30 





22 





Variable Frequency 


100 to 200 Hz, 20G, Three Times Each for X, Y and Z 


40 





22 





Constant-Acceleration 


20000G, 1 Minute, Each for X, Y and Z 


40 





22 






2.2 Reliability Test Data on Hi-BiCMOS Memory 

Hi-BiCMOS memory is newly designed based on the latest 
fine machining technologies (2m ~ 1 m), which features low 
electric consumption/high integrity by CMOS and high 
speed/high drivability by bipolar. This device also attains 
high speed close to ECL and low electric consumption as 
CMOS. Input and output level supports both ECL and TTL. 
Reliability test data of HM100490-15 (64k-words x 1-bit) and 



HM6788P-25 (16k-words x 4-bits) are listed in Table 5 and 
Table 6. 

The above shows the sufficient reliability of high speed 
Hi-BiCMOS in the normal use with some limitations consid- 
ered from its own circuit composition. For further informa- 
tion, see each data sheet. Besides the caution points with 
CMOS and bipolar device, avoid abnormal use as in de- 
formed or slow wave form which causes malfunction and 
latch up. 



• Table 5. Results on 


Hi-BiCMOS Memory Reliability Test (1) 














Test 
Item 


HM100490-15(Cerdip) 


Test 
Item 


HM6788P-25 (Plastic) 




Test 
Conditions 


Samples 


Total Test 
Time 


Failures 


Failure 
Rate 


Test 
Conditions 


Samples 


Total Test 
Time 


Failures 


Failure 
Rate 


Remarks 


High- 
Tempera- 
ture 
Pulse 
Opera- 
tion 


T A = 125°C 
V EE = -4.5V 


380 


C.H. 

3.8 x 105 





1/H 
2.4x10-6 


High- 
Tempera- 
ture 
Pulse 
Opera- 
tion 


T A = 125°C 
V CC = 5.0V 


420 


C.H. 

4.2x105 


1*1 


1/H 
4.8x10-6 


*1 

Foreign 

Matter 


Moisture 
Endur- 
ance 


85°C 85% RH 

5V 


210 


2.1x105 





4.8x10-6 




High- 
Temp. 
Storage 


T A = 200°C 


330 


3.3 x 105 





3.0x10-6 


Pressure 
Cooker 


121°C 100% RH 


80 


0.16x105 





6.3x10-5 
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Reliability of Hitachi IC Memories 

• Table 6. Results on Hi-BiCMOS Memory Reliability Test (2) 



Test Item 


Test Conditions 


HM100490-15(Cerdip) 


HM6788P-25 (Plastic) 


Samples 


Failure 


Samples 


Failure 


Temperature Cycling 


-55°C 150°C 100 Cycles 


180 





180 





Soldering Heat 


250°C 10 Seconds 


22 





22 





Thermal Shock 


0°C~ 100°C 10 Cycles 


50 





50 





Mechanical Shock 


1500G, 0.5 ms Three Times Each for X, Y and Z 


22 





— 


__ 


Variable Frequency 


100 ~ 200 Hz, 20G Three Times Each for X, Y and Z 


22 





__ 


— 


Constant Acceleration 


20000G, 1 Minute Each for X, Y and Z 


22 





— 


— 



2.3 Reliability Test Data on MOS Memories 

2.3.1 Reliability Test Data on MOS DRAM and SRAM 

Table 7 and Table 8 shows the reliability test data on the 
representative types of 1M DRAM (HM511000/HM514256), 
256k SRAM (HM62256) 1M SRAM (HM628128FP). 



The life test is performed at high temperature and high volt- 
age to evaluate the reliability of products using fewer sam- 
ples. All failures are caused in manufacturing process, so we 
feedback the data into manufacturing process to improve 
the quality and reliability. 



• Table 7. Reliability Data on " 


IM DRAM 


















Test 
Conditions 


HM511000P/HM514256P 
Series (DIP) 


HM5 1 1000JP/HM5 14256JP 
Series (SOP) 




Test Item 


Sam- 
ples 


Total 
Test Time 


Fail- 
ures 


Failure 
Rate* 
(1/Hr) 


Sam- 
ples 


Total 
Test Time 


Fail- 
ures 


Failure 
Rate* 
(1/Hr) 


Remarks 


High- 
Temperature 


125°C/5.5V 


300 


6.00x105 





1.53x10-6 


200 


4.00 x 105 





2.30x10-6 




125°C/7V 


1252 


4.50x105 


1* 


4.48x10-6 


3186 


9.34x105 





9.85x10-7 




Pulse Operations 


150°C/7V 


200 


4.00x105 





2.30x10-6 


200 


4.00x105 





2.30x10-6 


*1 


Moisture 
Endurance 


85°C 85% RH 
5.5V 


420 


8.40x105 





1.10x10-6 


682 


1.36x106 





6.74x10-7 


Oxide Film 
Failure xl 


Pressure 
Cooker 


121°C/100% 
RH 


150 


4.50x104 





2.04x10-5 


200 


6.00x104 





1.53x10-5 





* Confidence level 60% 



• Table 8. Reliability Data on 


256k and 1M SRAM 
















Test 
Conditions 


HM62256FP(SOP) 


HM628128FP(SOP) 




Test Item 


Sam- 
ples 


Total 
Test Time 


Fail- 
ures 


Failure 
Rate* 
(1/Hr) 


Sam- 
ples 


Total 
Test Time 


Fail- 
ures 


Failure 
Rate* 
(1/Hr) 


Remarks 


High- 


125°C/5.5V 


3088 


3.11x106 





8.88x10-7 


1038 


1.04x106 





8.86x10-7 




Temperature 


125°C/7V 


455 


4.55 x 105 





2.02x10-6 


951 


5.33 x 105 


1*1 


3.79x10-6 


*1 
Foreign x 2 


Pulse Operation 


150°C/7V 


103 


1.00x105 


1*1 


2.02x10-5 


80 


1.60x105 





5.75x10-6 


Moisture 
Endurance 


85°C/85% 
RH7V 


680 


6.80x105 





1.35x10-6 


127 


2.54x105 





3.62x10-6 


*2Leakxl 


Pressure 
Cooker 


121°C/100% 
RH 


320 


6.40x104 


1*2 


3.16x10-5 


90 


2.70x104 





3.41x10-5 





* Confidence level 60% 
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2.3.2 Reliablity Test Data on EPROM 

EPROM has two types; conventional EPROM with transpar- 
ent window and one time programmable ROM (OTPROM) 
packaged in plastic package. Table 9 shows reliability test 

• Table 9. Reliability Data on 512k and 1M EPROM 



Reliability of Hitachi IC Memories 

data on the representative EPROM types 512k EPROM 
(HN27512, HN27512P), 1M EPROM (HN27C101, 
HN27C301). 





Test 
Conditions 


HN27512(Cerdip/Plastic) 


HN27C101/HN27C301 




Test Item 


Sam- 
ples 


Total 
Test Time 


Fail- 
ures 


Failure 
Rate* 
(1/Hr) 


Sam- 
ples 


Total 
Test Time 


Fail- 
ures 


Failure 
Rate* 
(1/Hr) 


Remarks 


High- 


125°C/5.5V 


200 


3.72x105 





2.47x10-6 


180 


3.24x105 





2.84x10-6 




Temperature 
Operation 


125°C/7V 


530 


7.95 x 105 





1.16x10-6 


327 


6.54x105 





1.41x10-6 


*1 


High- 
Temperature 


175°C 


260 


4.91 x 105 





1.87x10-6 


150 


7.5 x 105 





1.23x10-6 


Data 


200°C 


240 


3.72x105 


1*1 


5.43x10-6 


130 


6.49x105 


1*1 


3.11x10-6 


Dissipation x 49 


Bake 


250°C 


180 


1.89x105 


7*1 


4.44x10-5 


110 


3.07x105 


40*1 


1.30x40-4 




Moisture 
Endurance 


85°C/85% 
RH 5.5V 


290 


5.22 x 105 





1.76x10-6 


- 


- 


- 


- 


Data of 5 12k 


Pressure 
Cooker 


121°C/100% 
RH 


50 


0.10x105 





9.20x10-5 


- 


- 


- 


- 


OTPROM 




* Confidence level 60% 

The failure shown in Table 9 is due to the data dissipation in 
memory cells. Getting thermal energy, electrons in memory 
cells are activated and go through the floating gate. In actu- 
al usage, however, it has no problem because this phenom- 
enon depends on temperature (about 1 .0 eV of activated en- 
ergy) greatly. The moisture resistance of OTPROM is also 
satisfactory. 

• Table 10. Example of HN27C101/HN27C301 Derating 



Table 10 shows the example of PROM derating. When de- 
rating, the parameter is generally only the temperature be- 
cause other operating conditions are specified. Especially to 
lower the junction temperature during mounting is important 
for stabilizing the operation relative to access time, refresh 
time and other characteristics. 



Factor 



Failure Criteria 



Failure Mechanism 



Temperature 



Electrical Characteristics, 
Function Test 



Increase of Leak Current 
and Others 



Results: 

The result from high temperature baking of PROM 

is shown in the right figure. 



* 10 * 



























, 








/ 








/♦ ♦ 


p p p p p 

g S 8 § o 

T 7 T T * 


p 

at 

7 



10VTJ CK-') 



Note: Decreasing junction temperature shown in the figure will promise the higher reliability. The junction temperature can be calculated by 
a formula: Tj = T A + 0ja*Pj #JA in about 100°C/W with no air flow and about 60 to 70°C/W with 2.5 m/s air flow. 
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2.3.3 Reliability Data on MASK ROM 

Table 9 shows the reliability test data on 2M and 4M bit 
MASK ROM. MASK ROM is patterned according to ROM in- 



formation in manufacturing process, so data dissipation isn't 
occurred in high temperature like EPROM and EEPROM. 



• Table 11. Reliability Data on 2M and 4M MASK ROM 














Test 
Conditions 


HN62412P (Plastic) 


HN62404P (Plastic) 




Test Item 


Sam- 
ples 


Total 
Test Time 


Fail- 
ures 


Failure 
Rate* 
(1/Hr) 


Sam- 
ples 


Total 
Test Time 


Fail- 
ures 


Failure 
Rate* 
(1/Hr) 


Remarks 


High-Temp. 


125°C/5.5V 


— 


— 


— 


— 


200 


4.0x105 





2.3x10-6 




Pulse 
Operation 


125°C/7V 


120 


1.2x105 





7.67x10-6 


300 


3.0x105 





3.0x10-6 




Moisture 
Endurance 


85°C/85% 
RH 5.5V 


120 


1.2x105 





7.67x10-6 


120 


1.20x105 





7.67x10-6 




Pressure 
Cooker 


121°C/ 
100% RH 


45 


2.3 x 104 





4.1x10-5 


45 


2.3 x 104 





4.1x10-5 





* Confidence level 60% 

2.3.4 Reliability Data on MOS Memory (The result of 
environment test) 

Table 12 shows examples of each environment test data. 
They show good results without any failure even in severe 
environment. 



Vth of MOS transistor is one of the basic process parame- 
ters in MOS memory, which has almost no change using 
surface stabilization technology and clean process. Figure 4 
shows the examples of time changes for 1M DRAM; Vqd 
min. (V min ) and access time (tRAc) in high temperature pulse 
test. 



• Table 12. Reliability Data on MOS Memories 




















Test Item 


Test Conditions 


HM511000P 
(DIP) 


HM511000JP 
(SOJ) 


HM62256FP 
(SOP) 


HM62128FP 
(SOP) 


EPROM 

(Cerdip) 


Remarks 


Sam- 
ples 


Fail- 
ures 


Sam- 
ples 


Fail- 
ures 


Sam- 
ples 


Fail- 
ures 


Sam- 
ples 


Fail- 
ures 


Sam- 
ples 


Fail- 
ures 


Temperature Cycling 


-55°Ctol50°C 
10 Cycle 


3755 





2786 





3328 





710 





2790 







Temperature Cycling 


-55°Ctol50°C 
500 Cycle 


150 





200 





482 





105 





450 







Thermal Shock 


-65°Ctol50°C 
15 Cycle 


77 





100 





76 





77 





80 







Soldering Heat 


260°C, 
10 Seconds 


22 





22 





22 





22 





22 







Mechanical Shock 


1.500G, 0.5 ms 


















38 







Variable Frequency 


100 to 2,000 Hz 20G 


















38 







Constant-Acceleration 


6000G 


















38 





*6,000G 
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2.4 Change of Electrical Characteristics on IC 
Memory 

The degradation of Icbo and n FE a re tn © main factors of 
degradation in inner cell transistor of bipolar memory. In ac- 



tual element designing, however, it is designed to operate in 
the range at which no degradation happen. Therefore no 
change of characteristics including access time are ob- 
served. Time dependence in access time for HM 10470 are 
shown in Figure 1 . 



Example 



Device Name 



Test Conditions 



Failure Criteria 



Failure Mechanism 



HM10480-15 



T A = 125 C,V EE! 



-5.2V 



t AA = 15 ns 



Surface Degradation 



Results: 

Access time is stabilized. 



Example of Time Change in Access Time for Bipolar Memory 



20 



Test Condition 
V H = -5.2V 
Ta = 25"C 
Marching Pattern 



i 



Maximum 
Average 
Minimum 



. $—§—$■ 



t- 



500 1,000 

Time <hr> 



2,000 




Figure 1. Time Change in Access Time for Bipolar Memory 



Example 



Device Name 



Test Conditions 



Failure Criteria 



Failure Mechanism 



HM100490 



T A = 125°C,V EE = -4.5V 
All Bit Scanning 



tAA = 15 ns 



Surface Degradation 



Results: 

Access time is stabilized. 



Example of Time Change in Access Time for Hi-BiCMOS Memory 



20 



T«t Conditioa 
V EE = -4.5V 
Ta=25"C 

Mirching Pattern 



il 



S-4-S — I 



500 



1,000 



2,000 



Figure 2. Time Change in Access Time for Hi-BiCMOS Memory 
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Example 



Examples of Time Change in Vcc Min and t^A f° r Hi-BiCMOS Memory 



Device Name 



Test Conditions 



Failure Criteria 



Failure Mechanism 



HM6788P-25 



T A = 125°C, V EE = 5.0V 
All Bit Scanning 



V C c = 4.5V,t A A = 25ns 



Surface Degradation 



Results: 

Both of Vcc (min) and Iaa are stabilized. 



J § — §- 



Test Condition ., . 

v ... T Maximum 

?r-~»t $%£" 

. Minimum 

Marching Pattern 



500 1,000 

Time (hr) 



Test Condition 
Same as above 



?..{-}-{ — I 



T__L_ 



500 1,000 

Time (hr) 



Figure 3. Time Change in Vqq Min and t A A f° r Hi-BiCMOS Memory 



Example 



Example of Time Change in Vdd Min and 
tRAC f° r MOS Memory 



Device Name 



Test Conditions 



Failure Criteria 



Failure Mechanism 



HM511000P 



T A = 125°C,V CC = 7V 
All Bit Scanning 



V DD = 4.5V, AV DD = 1.0V 



Surface Degradation 



Results: 

Access time Oaa) * s stabilized and is within the failure 

criteria. 



C 3 
I 

J 2 



Test Condition 



Z V '" I . ,U, " U " T Maximum 

Marching pattern l Averagfi 

70-Z51, I ... , 



JV=200 P CS 



1 Minimum 



1,000 

Time (hr) 



-4 — i- 

■ onor 



Note: Test Accuracy is 0.2V, 2 ns. 



Test Condition 
Same as above 
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2.5 Failure Mode Rate 

Figures 5 and 6 show examples of failure more happened in 
users' application. Since IC memories require the finest pat- 
tern process technology, the percentage of failures, such as 
pinholes, defects on photoresist and foreign materials, tends 
to increase. To eliminate the defects in the manufacturing 
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process, Hitachi has improved the process and performed 
100% burn-in screening under high temperature. Hitachi has 
been collecting and checking customers' process-data and 
marketing data for higher reliability of our products. To ana- 
lyze them is very helpful for the improvement of designing 
and manufacturing. 
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Figure 5. Failure Mode Rate of Bipolar Memory 



Figure 6. Failure Mode Rate of MOS Memory 



3. RELIABILITY OF SEMICONDUCTOR DEVICES 



3.1 



Reliability Characteristics for Semiconductor 
Devices 



Hitachi semiconductor devices are designed, manufactured 
and inspected so as to achieve a high level of reliability. Ac- 
cordingly, system reliability can be improved by combining 
highly reliable components along proper environmental con- 
ditions. This section describes reliability characteristics, fail- 
ure types and their mechanisms in terms of devices. First, 
semiconductor device characteristics are examined in light 
of their reliability. 

(1) Semiconductor devices are essentially structure sensitive 
as seen in surface phenomenon. Fabricating the device 
requires precise control of a large number of process 
steps. 

(2) Device reliability is partly governed by electrode materials 
and package materials, as well as by the coordination of 
these materials with the device materials. 

(3) Devices employ thin-film and fine-processing techniques 
for metallization and bonding. Fine materials and thin film 
surfaces sometimes exhibit physically different character- 
istics from the bulks. 

(4) Semiconductor device technology advances drastically: 
Many new devices have been developed using new pro- 
cesses over a short period of time. Thus, conventional 
device reliability data cannot be used in some cases. 



(5) Semiconductor devices are characterized by volume pro- 
duction. Therefore, variations should be an important 
consideration. 

(6) Initial and accidental failures are only considered to be 
semiconductor device failures based on the fact that 
semiconductor devices are essentially operable semiper- 
manently. However, wear failures caused by worn materi- 
als and migration should also be reviewed when elec- 
trode and package materials are not suited for particular 
environmental conditions. 

(7) Component reliability may depend on device mounting, 
conditions for use, and environment. Device reliability is 
affected by such factors as voltage, electric field 
strength, current density, temperature, humidity, gas, 
dust, mechanical stress, vibration, mechanical shock, 
and radiation magnetic field strength. 
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Figure 7. Typical Failure Rate Curve 
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Device reliability is generally represented by the failure 
rate. "Failure" means that a device loses its function, in- 
cluding intermittent degradation as well as complete de- 
struction. 

Generally, the failure rate of electric components and 
equipment is represented by the bathtub curve shown in 
Figure 7. For semiconductor devices, the configuration 
parameter of the Weibull distribution is smaller than 1, 
which means an initial failure type. Such devices ensure 
a long lifetime unless extreme environmental stress is 
applied. Therefore, initial and accidental failures can be- 
come a problem for semiconductor devices. Semicon- 
ductor device reliability can be physically represented as 
well as statistically. Both aspects of failures have been 
thoroughly analyzed to establish a high level of reliability. 

3.2 Failure Types and Their Mechanisms 

3.2.1 Failure Physics 

Failure physics is, in a broad sense, a basic technology of 
"physics + engineering". It is used to examine the physical 
mechanism of failures in terms of atoms and molecules to 
improve device reliability. This physical approach was intro- 
duced to the reliability field with the demand for minimized 
development cost and period, as technology rapidly devel- 
oped and system performance increased, requiring more 
complex and higher levels of reliability. These conditions de- 
rived from the development of solid state physics (semicon- 
ductor physics) after World War II and associated device de- 
velopment. Failure physics have been employed to: 

1 ) Detect failed devices as soon as possible 

2) Establish models and equation used for failure prediction 

3) Evaluate reliability in short periods by accelerated life test 

The purpose of the failure physics approach is to contribute 
to reliability related fields such as product design, prediction, 
test, storage and usage by adding physics as a basic tech- 
nology to conventional experimental and statistical ap- 
proaches. 

3.2.2 Failure Types and Their Mechanism 

Device failures are physically discussed in this section. 
Semiconductor device failures are basically categorized as 
disconnection, short-circuit, deterioration and miscellaneous 
failures. These failures and their causes are summarized in 
Table 1 1 . Typical failure mechanisms are reviewed next. 

(1) Surface Deterioration 

The pn junction has a charge density of 10 14 - 10 20 /cm 3 . 
If charges exceeding the above density are accumulated on 
the pn junction surface, particularly adjacent to a depletion 
layer, electric characteristics of the junction tend to be easily 
varied. Although the surface of such devices as planar tran- 
sistors is generally covered with a Si02 film and is in an in- 
active state, the possibility of deterioration caused by sur- 
face channels still exists. Surface deterioration depends 
heavily on applied temperature and voltage and is often han- 
dled by the reaction model. 

One example of recent failures is surface deterioration 
caused by hot carriers. Hot carriers are generated when 
such devices as MOS dynamic RAMs are operated at a 



voltage near the minimum breakdown voltage BVqs by rais- 
ing internal voltage and when a strong electric field is estab- 
lished near the MOS device's drain resulting from reduced 
device geometry from 2 jum to 0.8 ju,m. Generated hot carri- 
ers may affect surface boundary characteristics on a part of 
the gate oxide film, resulting in degradation of threshold volt- 
age (Vjh) and counter conductance (gm). Hitachi devices 
have employed improved design and process techniques to 
prevent these problems. However, as process becomes fin- 
er, surface deterioration may possibly become a serious 
problem. 

(2) Electrode-Related Failures 

Electrode-related failures have become increasingly impor- 
tant as multi-layer wiring has become more complicated. No- 
ticeable failures include electro-migration and Al wiring cor- 
rosion in plastic sealed packages. 

© Electromigration 

This is a phenomenon in which metal atoms are moved by a 
large current of about 10 6 A/cm 2 supplied to the metal. 
When ionized atoms collide with current of about scattering 
electrons, an "electron wind" is produced. This wind moves 
the metal atoms in the opposite direction from the current 
flow, which generates voids at a negative electrode, and hil- 
lock and whiskers at an opposite one. The generated voids 
increase wiring resistance and cause excessive currents to 
flow in some areas, leading to disconnection. The generated 
whiskers may cause shortcircuits in multi-metal line. 

(D Multi-Metal Line Related Failures 

Major failures associated with multi-metal line include increased 
leak currents, shortcircuits caused by a failed dielectric interlay- 
er, and increased contact metal resistance and disconnection be- 
tween metal wirings. 

(D Al Line Corrosion and Disconnection 

When Plastic encapsulated devices are subjected to high- 
temperatures, high-humidity or a bias-applied condition, Al 
electrodes in devices can cause corrosion or disconnection 
(Figure 8). Under high-temperature and high-humidity, corro- 
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sions are randomly generated over the element surface. 
However, after an extended period of time, the corrosions 
have not significantly increased. Accordingly, this failure is 
possibly due to an initial failure associated with manufactur- 
ing. It is also verified that this type of failure can be generat- 
ed when the adhesion surface between an element and res- 
in is separated or when foreign materials are attached to the 
element with human saliva. Under a bias-applied, high-tem- 
perature, high-humidity condition, on the other hand, corro- 
sions are generated in higher potential areas while in lower 
potential areas, grain corrosion occurs. Once this failure oc- 
curs in part of a device, the device can become worn out in 
a relatively short time. This failure proves to depend on the 
hydroscopic volume resistivity of sealed resin. The Al line 
corrosion mechanism described above is summarized in Fig- 
ure 9. 
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Figure 9. Plastic Package Cross Section 
and Al Corrosion Mechanism 

(3) Bonding Related Failures 

Degradation Caused by Intermetallic Formation 

Bonding strength degradation and contact resistance in- 
crease are caused by compounds formed in connections be- 
tween Au wire and Al film or between Au film and Al Wire. 
These are the most serious problems in terms of reliability. 
The compounds are formed rapidly during bonding and are 
increased through thermal treatment. Consequently, Hitachi 
products are subjected to a lower-temperature, shorter-peri- 
od bonding whenever possible. 

(D Wire Creep 

Wire creep is wire neck destruction in an Au ball along an 
integranular system occurring when a plastic sealed device 
is subjected to a long-term thermal cycling test. This failure 
results from increased crystal grains due to heat application 
when forming a ball at the top of an Au wire, or from an im- 
purity introducing to the intergranular system. Bonding under 
usual conditions with no loop configuration failures does not 
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cause this failure unless a severe long-term thermal cycling 
test is applied. Accordingly, wire creep is not a problem in 
actual usage. 

CD Chip Crack 

With the increase in chip size associated with the increased 
number of incorporated functions, more problems have been 
occurring during assembly, such as chip cracks during bond- 
ing. Bonding methods include Au-silicon eutectic, soldering 
and Ag-paste. Soldering and Ag-paste exhibit few chip crack 
problems. For Au-silicon eutectic, in contrast, large stress is 
applied to a pellet due to its strength and high temperature 
resistance for attachment, which may result in critical chip 
defects. Today, the chip destruction limit can be determined 
by finite-element analysis and by distortion measurement us- 
ing a fine accuracy gauge. Ideally, Au-silicon eutectic should 
be evenly applied over the entire surface. However, this is 
difficult due to the existence of a silicon oxide film on the 
silicon back surface. Therefore, specifications for Au-silicon 
eutectic have been established based on stress analysis 
and thermal cycling test results. 

© Reduced Maximum Power Dissipations 

For power devices, heat fatigue due to thermal expansion 
coefficient mismatch among different materials deteriorates 
thermal resistance. This results in decreased maximum pow- 
er dissipations. 

(4) Sealing Related Failures 

Hermetic sealing packages, including metal, glass, ceramic, 
and all other types, have the possibility of the following fail- 
ures. 

1 . Al line corrosion on the chip surface due to slight mois- 
ture and reaction between the different ionized materials. 

2. Intermittent moving foreign metals short 

3. Al line corrosion due to extraneous H2O caused by her- 
metic failure 

Moving foreign matter, even if it is a non-active solid, can be 
charged up within a cavity during movement, thereby induc- 
ing parasitic effects and metal shorts. The foreign matter de- 
tection method is specified by MIL-STD-883C, PIND (Particle 
Impact Noise Detection) Test. The PIND test consists of fil- 
tering a particle impact waveform (ultrasonic waveform), de- 
tecting it with a microphone, and then amplifying. 

(5) Disturbance 

Electrostatic Discharge Destruction 

Destruction caused by electrostatic discharge is a problem 
common to semiconductor devices. A recent report intro- 
duced three modes of this failure; the human body model, 
charged device model and field induced model. 

The human body is easily charged. A person just walking 
across a carpet can be charged up to 1 5000V. This voltage 
is high enough to destroy a device. An equivalent circuit of 
the human body model is shown in Figure 10. The human 
body's capacitance Cb and resistance Rb are 100 to 200 pF 
and 1000 to 2000H, respectively. Assuming a body is 
charged with 2000V, the dissipated energy is obtained as 
follows: With a time constant of 10 -7 sec, the dissipated 
energy is 2 KW, which is enough to destroy a small area of 
a chip. 
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Figure 10. An Example of Moisture Resistance 
by High Temp, and High Humidity and Bias 
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Figure 11. Relationship between Temperature 
and Time to 1% Failure (RH = 85%) 
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Figure 12. Equivalent Circuit of Human Body Model 

In the charged device model, charges are accumulated in a 
device, not a human body, and discharged through contact 
resistance during a short time. The equivalent circuit of this 
model is shown in Figure 13. Device size and device posi- 
tion relative to GND are important parameters in this model 
since the model depends on device capacity. 




Figure 13. Equivalent Circuit of Charging Model 

In the field induced model a device is left under a strong 
electric field or is affected by neighboring high voltage mate- 
rial. Since the capacitor of device or lead of device acts like 
an antenna, the following cases will possibly cause destruc- 
tion. 1) a device is incorporated into a high electric field 
such as a CRT, 2) a device is left under a high frequency 
electric field and 3) a device is moved with a container 
charged at high voltage, such as a tube. 

(D Latch Up 

Latch up is a problem unique to CMOS devices. This prob- 
lem is a thyristor phenomenon caused by a parasitic PNP or 
NPN transistor formed in the CMOS configuration. Latch up 
occurs when an accidental surge voltage exceeding a maxi- 
mum rating, a power supply ripple, an unregulated power 
supply and noise is applied, or when a device is operated 
from two sources having different set-up voltages. These 
cases can cause input or output current to flow in the oppo- 
site direction from usual flow, which triggers parasitic thyri- 
stors. This results in excessive current flowing between a 
power supply and ground. This phenomenon continues until 
the power is off or the flowing current is forced to be re- 
duced to a certain level. Once latch up occurs in an operat- 
ing device, the device will be destroyed. 



20 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 819* (41 5) 589-8300 



Reliability of Hitachi IC Memories 



Much effort should be made in designing circuits to prevent 
latch up. Latch up triggering input or output currents start to 
flow under the following conditions. 

Vjn < Vcc or V in < GND for input level 

v out > V CC or V ou t < GND for input level 

Therefore, circuits should be designed so that no forward 
current flows through the input protection diodes or output 
parasitic diodes. 

<D Soft Errors 

When a particles are generated from uranium or thorium in 
a package the silicon surface of an LSI chip, electron-hole 
pairs are formed which act as noise to data lines and other 
floating nodes, causing temporary soft errors. This phenom- 
enon is shown in Figure 14. Only electrons from among the 
electron-hole pairs are only collected to a memory cell. As a 
result, the cell changes from a state of 1 to 0, which is a 
soft error. 

Hitachi devices have been subjected to simulation and irradi- 
ation tests to prevent soft errors. In some cases, organic 
material, PIQ, is applied to the surface of the device. 





Figure 14. Soft Error Caused by 
a Particles in Dynamic Memory 



• Table 13. Failure Causes and Mechanism 



Failure Related Causes 


Failure Mechanisms 


Failure Modes 


Passivation 


Surface Oxide Film, 
Insulating Film between Wires 


Pin Hole, Crack, Uneven 
Thickness, Contamination, 
Surface Inversion, 
Hot Carrier Injected 


Withstanding Voltage 
Reduced, Short, Leak 
Current Increased, 
hpE Degraded, Threshold 
Voltage Variation, Noise 


Metallization 


Interconnection, 
Contact, Through Hole 


Flaw, Void, Mechanical Damage, 
Break Due to Uneven Surface, 
Non-ohmic Contact, Insufficient 
Adhesion Strength, 
Improper Thickness, 
Electromigration, Corrosion 


Open, Short, Resistance Increased 


Connection 


Wire Bonding, Ball Bonding 


Bonding Runout, 
Compounds between Metals, 
Bonding Position Mismatch, 
Bonding Damaged 


Open, Short 
Resistance Increased 


Wire Lead 


Internal Connection 


Disconnection, Sagging, Short 


Open, Short 


Diffusion, Junction 


Junction Diffusion, Isolation 


Crystal Defect, 
Crystallized Impurity, 
Photo Resist Mismatching 


Withstanding Voltage 
Reduced, Short 


Die Bonding 


Connection between Die 
and Package 


Peeling Chip, Crack 


Open, Short, Unstable 
Operation, Thermal 
Resistance Increased 


Package Sealing 


Packaging, Hermetic Seal, 

Lead Plating, Hermetic Package and 

Plastic Package, Filler Gas 


Integrity, Moisture Ingress, 
Impurity Gas, High Temperature, 
Surface Contamination, Lead 
Rust, Lead Bend, Break 


Short, Leak Current 
Increased, Open, Corrosion 
Disconnection, Soldering Failure 


Foreign Matter 


Foreign Matter in Package 


Dirt, Conducting Foreign 
Matter, Organic Carbide 


Short, Leak Current Increased 


Input/Output Pin 


Electrostatistics, 
Excessive Voltage, Surge 


Electron Destroyed 


Short, Open, Fusing 


Disturbance 


a Particle 


Electron Hole Generated 


Soft Error 




High Electric Field 


Surface Inversion 


Leak Current Increased 
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(6) Fine Geometry Related Problems 

In response to higher integration requirements for memories 
and microcomputers, LSI geometry has been reduced in the 
way of 3 jam — ► 2 jam — > 1 .3 jam — * 0.8 jam. 

• Table 14. Finer Geometry Related Problems 



However power supply has not been scaled down used for 
5V, only line dimensions have been fined increasingly. Prob- 
lems associated with finer geometry are shown in Table 14. 



Item 


Problems 


Countermeasure 


5V Single Supply Voltage 


• Breakdown Voltage of Gate Oxide Films 


Oxide Film Formation Process Improved 




• Si0 2 Defects 


• Cleaning 

• Gettering 

• Screening 


Horizontal Dimension Reduction 


• Soft Errors by a Particles 


Surface Passivation Film Improved 




• Al Reliability Reduced 


• Metallization Improved 




• CMOS Latch Up 


• Design/Layout Improved 




• Mask Alignment Margin Reduced 


• Process Improved 




• Hot Carriers 




Vertical and Horizontal 


• Higher Breakdown Voltage Not Permitted 


Use of Low Voltage Examined 


Dimension Reduction 


• Electrostatic Discharge Resistance Reduced 


• Configuration Improved 

• Protection Circuits Enhanced 
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QUALITY ASSURANCE OF IC MEMORY 



1. VIEWS ON QUALITY AND RELIABILITY 

Hitachi basic views on quality are to meet individual users' 
purpose and their required quality level and also to maintain 
the satisfied level for general application. Hitachi has made 
efforts to assure the standardized reliability of our IC memo- 
ries in actual usage. To meet users' requests and to cover 
expanding application, Hitachi performs the following: 

(1) Establish the reliability in design at the stage of new 
product development. 

(2) Establish the quality at all steps in manufacturing pro- 
cess. 

(3) Intensify the inspection and the assurance of reliability of 
products. 

(4) Improve the product quality based on marketing data. 

Furthermore, to get higher quality and reliability, we cooper- 
ate with our research laboratories. 

With the views and methods mentioned above, Hitachi 
makes the best efforts to meet the users' requirements. 

2. RELIABILITY DESIGN OF SEMICONDUCTOR 
DEVICES 

2.1 Reliability Target 

Establishment of reliability target is important in manufactur- 
ing and marketing as well as function and price. It is not 
practical to determine the reliability target based on the fail- 
ure rate under single common test condition. So, the reliabil- 
ity target is determined based on many factors such as each 
characteristics of equipment, reliability target of system, de- 
rating applied in design, operating condition and mainte- 
nance. 

2.2 Reliability Design 

Timely study and execution are essential to achieve the reli- 
ability based on reliability targets. The main items are the 
design standardization, device design including process and 
structural design, design review and reliability test. 

(1) Design Standardization 

Design standardization needs establishing design rules 
and standardizing parts, material, and process. When de- 
sign rules are established on circuit, cell, and layout de- 
sign, critical items about quality and reliability should be 
examined. Therefore, in using standardized process or 
material, even newly developed products would have 
high reliability, with the exception of special requirement 
on function. 

(2) Device Design 

It is important for device design to consider total balance 
of process design, structure design, circuit and layout de- 
sign. Especially in case of applying new process or new 
material, we study the technology prior to development 
of the device in detail. 

(3) Reliability Test by Test Site 

Test site is sometimes called Test Pattern. It is useful 
method for evaluating reliability of designing and pro- 
cessing ICs with complicated functions. 



1 . Purposes of Test Site are as follows: 

• Making clear about fundamental failure mode. 

• Analysis of relation between failure mode and manufac- 
turing process condition. 

• Analysis of failure mechanism. 

• Establishment of QC point in manufacturing. 

2. Effects of evaluation by Test Site are as follows: 

• Common fundamental failure mode and failure mecha- 
nism in devices can be evaluated. 

• Factors dominating failure mode can be picked up, and 
compared with the process having been experienced in 
field. 

• Able to analyze relation between failure causes and 
manufacturing factors. 

• Easy to run tests. 
2.3 Design Review 

Design review is a method to confirm systematically whether 
or not design satisfies the performance required including by 
users, follows the specified ways, and whether or not the 
technical items accumulated in test data and application 
data are effectively applied. 

In addition, from the standpoint of competition with other 
products, the major purpose of design review is to insure 
quality and reliability of the product. In Hitachi, design review 
is performed in designing new products and also in changing 
products. 

The followings are the itmes to consider at design review. 

(1) Describe the products based on specified design docu- 
ments. 

(2) Considering the documents from the standpoint of each 
participant, plan and execute the sub-program such as 
calculation, experiments and investigation if unclear mat- 
ter is found. 

(3) Determine the contents and methods of reliability test 
based on design document and drawing. 

(4) Check process ability of manufacturing line to achieve 
design goal. 

(5) Arrange the preparation for production. 

(6) Plan and execute the sub-programs of design changes 
proposed by individual specialists, for tests, experiments 
and calculation to confirm the design change. 

(7) Refer to the past failure experiences with similar devices, 
confirm the prevention against them, and plan and exe- 
cute the test program for confirmation of them. 

In Hitachi, these study and decision at design review are 
made using the individual check lists according to its ob- 
jects. 
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3. QUALITY ASSURANCE SYSTEM OF 
SEMICONDUCTOR DEVICES 

3.1 Activity of Quality Assurance 

The following items are the general views of overall quality 
assurance in Hitachi; 

(1) Problems are solved in each process so that even the 
potential failure factors will be removed at final stage of 
production. 

(2) Feedback of information is made to insure satisfied level 
of process ability. 

As the result, we assure the reliability. 



3.2 Qualification 

To assure the quality and reliability, the qualification tests 
are done at each stage of trial production and mass produc- 
tion based on the reliability design described in Section 2. 

The following are the views on qualification in Hitachi: 

(1) From the standpoint of customers, qualify the products 
objectively by a third party. 

(2) Consider the failure experiences and data from custom- 
ers. 

(3) Qualify every change in design and work. 

(4) Qualify intensively on parts and materials and process. 

(5) Considering the process ability and factor of manufactur- 
ing fluctuation, establish the control points in mass pro- 
duction. 

Considering the views mentioned above, qualification shown 
in Figure 1 is done. 
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Figure 1. Flow Chart of Qualification 
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Quality Assurance of IC Memory 



3.3 Quality and Reliability Control in Mass 
Production 

To assure quality in mass production, quality is controlled 
functionally by each department, mainly by manufacturing 
department and quality assurance department. The total 
function flow is shown in Figure 2. 



3.3.1 Quality Control on Parts and Materials 

With the tendency toward higher performance and higher re- 
liability of devices, quality control of parts and materials be- 
comes more important. The terms such as crystal, lead 
frame, fine wire for wire bonding, package and materials re- 
quired in manufacturing process like mask pattern and 
chemicals, are all subject to inspection and control. 
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Figure 2. Flow Chart of Quality Control in Manufacturing Process 
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Besides qualification of parts and materials stated in 3.2, 
quality control of parts and materials is defined in incoming 
inspection. Incoming inspection is performed based on its 
purchase specification, drawing and mainly sampling test 
based on MIL-STD-105D. 

The other activities for quality assurance are as follows: 

(1) Technology Meeting with Vendors 

(2) Approval and Guidance of Vendors 

(3) Analysis and tests of physical chemistry 

The typical check points of parts and materials are shown in 
Table 1. 



• Table 1. 



Quality Control Check Points of Parts and 
Material (example) 



Material 
Parts 


Important 
Control Items 


Point for Check 


Wafer 


Appearance 

Dimension 
Sheet Resistance 
Defect Density 
Crystal Axis 


Damage and Contamina- 
tion on Surface 
Flatness 
Resistance 
Defect Numbers 


Mask 


Appearance 
Dimension 
Resistoration 
Gradation 


Defect Numbers, Scratch 
Dimension Level 

Uniformity of Gradation 


Fine 
Wire for 
Wire 
Bonding 


Appearance 

Dimension 
Purity 
Elongation Ratio 


Contamination, Scratch, 
Bend, Twist 

Purity Level 
Mechanical Strength 


Frame 


Appearance 

Dimension 

Processing 

Accuracy 
Plating 
Mounting 

Characteristics 


Contamination, Scratch 
Dimension Level 

Bondability, Solderability 
Heat Resistance 


Ceramic 
Package 


Appearance 
Dimension 
Leak Resistance 
Plating 
Mounting 

Characteristics 
Electrical 

Characteristics 
Mechanical 

Strength 


Contamination, Scratch 
Dimension Level 
Airtightness 

Bondability, Solderability 
Heat Resistance 

Mechanical Strength 


Plastic 


Composition 

Electrical 

Characteristics 
Thermal 

Characteristics 
Molding 

Performance 
Mounting 

Characteristics 


Characteristics of 
Plastic Material 

Molding Performance 
Mounting Characteristics 



3.3.2 Inner Process Quality Control 

To control inner process quality is very significant for quality 
assurance of devices. The quality control of products in ev- 
ery stage of production is explained below. Figure 3 shows 
inner process quality control. 

(1 ) Quality Control of Products in Every Stage of Production 

Potential failure factors of devices should be removed in 
manufacturing process. Therefore, check points are set 
up in each process so as not to move the products with 
failure factors to the next process. Especially, for high re- 
liability devices, manufacturing lines are rigidly selected 
in order to control the quality in process. Additionally we 
perform rigid check per process or per lot, 100% inspec- 
tion in proper processes so as to remove failure factors 
caused by manufacturing fluctuation, and screenings de- 
pending on high temperature aging or temperature cy- 
cling. Contents of controlling quality under processing 
are as follows: 

• Control of conditions of equipment and workers and 
sampling test of uncompleted products. 

• Proposal and execution of working improvement. 

• Education of workers 

• Maintenance and improvement of yield 

• Picking up of quality problems and execution of coun- 
termeasures toward them. 

• Communication of quality information. 

(2) Quality Control of Manufacturing Facilities and Measuring 
Equipment 

Manufacturing facilities have been developed with the 
need of higher devices in performance and the automat- 
ed production. It is also important to determine quality 
and reliability. 

In Hitachi, automated manufacturing is promoted to avoid 
manufacturing fluctuation, and the operation of high per- 
formance equipment is controlled to function properly. 

As for maintenance inspection for quality control, daily 
and periodically inspections are performed based on 
specification on every check point. 

As for adjustment and maintenance of measuring equip- 
ment, the past data and specifications are clearly 
checked to keep and improve quality. 

(3) Quality Control of Manufacturing Circumstances and Sub- 
material. 

Quality and reliability of devices are affected especially 
by manufacturing process. Therefore, we thoroughly con- 
trol the manufacturing circumstances such as tempera- 
ture, humidity, dust, and the sub-materials like gas or 
pure water used in manufacturing process. 

Dust control is essential to realize higher integration and 
higher reliability of devices. To maintain and improve the 
clearness of manufacturing site, we take care of build- 
ings, facilities, air-conditioning system, materials, clothes 
and works. Moreover, we periodically check on floating 
dust in the air, fallen dust or dirtiness on floor. 
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Figure 3. Example of Inner Process Quality Control 
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3.3.3 Final Tests and Reliability Assurance 

(1) Final Tests 

Lot inspection is done by quality assurance department 
for the product passed in 100% test in final manufactur- 
ing process. Though 100% of passed products is expect- 
ed, sampling inspection is subjected to prevent mixture 
of failed products by mistake. 



The inspection is executed not only to confirm that the 
products meet users' requirement, but to consider poten- 
tial factors. Our lot inspection is based on MIL-STD- 
105D. 

(2) Reliability Assurance Tests 

To assure reliability, the reliability tests are performed pe- 
riodically, and performed on each manufacturing lot if 
user requires. 
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Figure 4. Process Flow Chart of Coping with Failure to a Customer 
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OUTLINE OF TESTING METHOD 



1. INSPECTION METHOD 

Compared to conventional core memories, IC memories 
contain all peripheral circuits, such as the decoder circuit, 
write circuit and read circuit. As a result, assembly and elec- 
trical inspection of ICs are all performed by IC manufactur- 
ers. Consequently, as the electrical inspection of IC memo- 
ries are becoming more systematic, conventional IC inspec- 
tion facilities are becoming useless. This has led to the de- 
velopment and introduction of a memory tester with pattern 
generator to generate the inspection pattern of the memory 
IC at high speed. A function test for such as TTL gates can 
be performed even by a simple DC parameter facility. How- 
ever, when the address input becomes multiplexed as in 
1 6k, 64k and 256k memory, even the generation of the func- 
tion test pattern becomes a serious problem. 

In the memory IC inspection, its quality cannot be judged by 
DC test on external pins only, because the number of the 
element such as transistor which can be judged in the DC 
test is only 1/1000 of all elements. The following are the ad- 
dress patterns proposed to inspect whether the internal cir- 
cuits are functioning correctly. 

(1) All "Low", All "High" 

(2) Checker Flag 

(3) Stripe Pattern 

(4) Marching Pattern 

(5) Galloping 

(6) Waling 

(7) Ping-Pong 

Those are not all, but only representative ones. There are 
the pattern to check the mutual interference of bits and the 
pattern for the maximum power dissipation. Among the 
above mentioned patterns, those of (1) to (4) are called N 
pattern, which can check one sequence of N bit IC memory 
with the several times of N patterns at most. Those of (5) to 
(7) are called N 2 pattern, which need several times of N 2 
patterns to check one sequence of N bit IC memory. Serious 
problem arises in using N 2 pattern in a large-capacity memo- 
ry. For example, inspection of 16k memory with galloping 
pattern takes a lot of time = about 30 minutes. (1), (2) and 
(3) are rather simple and good methods, however, they are 
not perfect to find any failure in decoder circuits. Marching is 
the most simple and necessary pattern to check the function 
of IC memories. 



2. MARCHING PATTERN 

The marching pattern, as its name indicates, is a pattern in 
which "1"s march into all bits of "0"s. For example, a sim- 
ple addressing of 1 6-bit memory is described below. 

(1) Clear all bits See Fig. 1 (a) 

(2) Read "0" from 0th address and check that the read data 
is "0". Hereafter, "Read" means "checking and judging 
data" 

(3) Write "1" on 0th address See Fig. 1 (b) 

(4) Read "0" from 1st address. 

(5) Write "1" on 1st address. 

(6) Read "0" from nth address. 

(7) Write "1 " on nth address See Fig. 1 (c) 

(8) Repeat (6) to (7) to the last address. Finally, all data will 
be"1". 

(9) After all data become "1", repeat from (2) to (8) replac- 
ing "0" and "1". 

In this method, 5N address patterns are necessary for the 
N-bit memory. 
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Figure 1. Addressing method for 16-bit 
memory in the Marching pattern 
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1. VIDEO RAM 

1.1 Multiport Video RAM 

Figure 1 -1 shows general idea of video RAM. Multiport video 
RAM provides an internal data register (SAM) with the mem- 
ory (RAM). Both of them can be accessed asynchronously. 



Effective graphic display memory is realized by using the 
random port of the RAM part for graphic processor drawing 
and the serial port of the SAM part for CRT display. 
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Figure 1-1. General Idea of Multi-Port Video RAM 



Figure 1 -2 shows the block diagram of the 256-kbit multiport 
video RAM HM53461, and Table 1-1 shows the operation 
modes of the HM53461. 
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Figure 1-2. Block Diagram of HM53461 
The operation modes shown in Table 1-1 are described as follows. 
• Table 1-1. Operation Modes of HM53461 



At the Falling Edge ofRAS 


RAM Modes 


SAM Modes 


CAS 


DT/OE 


WE 


SOE 


SI/O Direction 


Notes 


H 


H 


H 


X 


Read/Write 


Sin/S ut 


1,2,3 


H 


H 


L 


X 


Temporary Write Mask Data Program 


Sin/Sout 


1,2,3 


H 


L 


H 


X 


Read Transfer 


Sout 


2 


H 


L 


L 


L 


Write Transfer 


Sin 




H 


L 


L 


H 


Pseudo Transfer 


Sin 




L 


X 


X 


X 


CBR Refresh 


Sin/S ut 


1,2 



H: High L: Low X: Don't Care 

Notes: 1. Transfer cycle executed previously defines SI/O direction. 

2. SI/O is in high impedance state with SOE high, even if the direction is S out: 

3. The HM53461 starts write operation if WE is low at the falling edge of CAS or become low between the falling edge of 
CAS and the rising edge of RAS. 
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Read/Write Operation: Read/write is performed on the 
random port in the same sequence as for a dynamic RAM 
(Figure 1-3). The HM53461 starts the read operation with 
WE high and the write operation at the falling edge of WE. 
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Figure 1-3. Read/Write Operation 

Temporary Write Mask Set and Temporary Masked 
Write Operation: The HM53461 provides temporary 
masked write operation which inhibits to write data bit-by-bit 
(write mask) during one RAS cycle. Temporary write mask 
set function defines the bits to be inhibited (Figure 1-4). This 
operation puts the data on I/O1-I/O4 into the internal tem- 
porary write mask register. When is programmed to the 
register, writing to the corresponding bit is inhibited. 

Th e tem porary write mask register is reset at the rising edge 
of RAS. 
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Application 

Read Transfer Operation: In this cycle, the HM53461 
transfers the data of one row in RAM ( 1024 bits), which ad- 
dress is specified at the falling edge of RAS, to SAM (Figure 
1-5). The start add ress in SAM can be programmed at the 
falling edge of CAS in this cycle. After data transfer, the seri- 
al port turns to serial read mode at the rising edge of 
DT/OE. 



jtfbi 



Column 
latch 

"IT 



Row 
latch 



L 



m 



s\ 




■s 
1 





% 


§ 


,1 


a 


\l 





DRAM 

memory 

cell 



A 



SAM start address 







1 



Z^> SI/01 -SI/04 




Figure 1-5. Read Transfer Operation 

Write Transfer Operation: In this cycle, the HM53461 
transfers the data in the SAM data register (1024-bits) to 
one row in R AM, which address is specified at the falling 
edge of RAS (Figure 1 -6). The start address in SAM can be 
programmed in this cycle. After data transfer, serial port 
turns to serial write mode. 
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Figure 1-6. Write Transfer Operation 



Figure 1-4. Temporary Masked Write Operation 
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Pseudo Transfer Operation: This operation switches the 
serial port to serial write mode (Figure 1 -7). It does not per- 
form data transfer between RAM and SAM. Sam start ad- 
dress can be programmed in this cycle. 
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Serial Read/ Write Operation: The HM53461 reads/ writes 
the contents of the SAM data register in serial at the rising 
edge of SC (serial clock input) (Figure 1-9). The address for 
serial access is generated by the internal address pointer, 
independently of random port operation. It should be consid- 
ered that serial access is restricted in transfer cycles. The 
SAM, employing static-type data registers, requires no re- 
fresh. 



Figure 1-7. Pseudo Transfer Operation 

CAS Before RAS Refresh Operation: The HM53461 per- 
forms refresh by using the internal address counter in this 
operation (Figure 1-8). 
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Figure 1-9. Serial Read/Write Operation 

The HM53462 is a multiport video RAM, adding logic opera- 
tion capability to the advantages of HM53461. 

Figure 1-10 shows the block diagram. Table 1-2 describes 
the operation modes. 



Figure 1-8. CAS Before RAS Refresh 
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Figure 1-10. Block Diagram of HM53462 
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• Table 1-2. Operation Modes of HM53462 



At the Falling Edge of RAS 


RAM Modes 


SAM Modes 


CAS 


DT/OE 


WE 


SOE 


SI/O Direction 


Notes 


H 


H 


H 


X 


Read/Write 


Sin/Sout 


1,2,3 


H 


H 


L 


X 


Temporary Masked Write 


Sin/Sout 


1,2,3 


H 


L 


H 


X 


Read Transfer 


Sout 


2 


H 


L 


L 


L 


Write Transfer 


Sin 




H 


L 


L 


H 


Pseudo Transfer 


Sm 




L 


X 


X 


X 


CAS Before RAS Refresh 


Sin/Sout 


1,2 


L 


X 


L 


X 


Logic Operation Program 
(CBR Refresh) 


Sin/Sout 


1,2 




H: High L: Low X: Don't Care 

Notes: 1. Transfer cycle previously executed defines SI/O direction. 

2. SI/O is in high impedance with SOE high, even if SI/O direction is S out . 

3. HM53462 writes if WE is low at the falling edge of CAS or becomes low between the falling edge of CAS and the rising 
edge of RAS. 



Logic Operation Programming: This function programs a 
logic operation (Figure 1-11). The logic operation is available 
uintil re-programmed or reset. In logic operation mode, 
HM53462 performs read-modify-write internally when data is 
written into random port. The result of the logic operation 
between memory data and written data is put into the ad- 
dress from which the memory data is transferred. 

In the logic operation programming cycle, the mask register, 
which differs from the temporary mask register, is also pro- 
grammed. It is available until reprogrammed. 
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Figure 1-11. Logic Operation Programming 



Notes: Notes on using HM53461/HM53462 are as follows: 

• Dummy RAS Cycle. Devices should be initialized by 8 
dummy RAS cycles (minimum) before access to random 
port. Refresh cycle can be inserted for initialization. It is 
recommended that the system be initialized by dummy 
RAS cycle in the automatic reset time of the processor. 

• Bypass Capacitor. One bypass capacitor should be insert- 
ed between Vcc and Vss to each device. The Vcc pin 
should be connected to the capacitor by the shortest path. 
A capacitor of several jaF is suitable. 

• Negative Voltage Input. Negative polarity input level to in- 
put pin or I/O pin should be under — 1V. In this range, it 
has no effect on device characteristics or RAM/SAM data 
retention. 

• Initialization of logic operation mode (HM53462). The logic 
operation programming cycle should be executed before 
access to the random port to initialize logic operation 
mode after power on. At this point, the operation codes 
(0101) and all 1 write mask data are recommended. 

1.2 Line Memory 

Hitachi has produced a line memory for line buffers with sim- 
ple circuits, providing specific functions as described below. 

The line buffer can improve picture quality by storing 1 hori- 
zontal line data. It has following features. 

• Capacity to store 1 horizontal line data 

• High-speed operation matching the sampling speed of PAL 
TV signal (4 fsc/8 fsc) or NTSC TV signal (4 fsc/8 fsc). 

• Separate data inputs/outputs and capability of serial data 
inputs and outputs. 

The conventional line buffer composed of high speed static 
RAMs requires separate input/ output for double buffer orga- 
nization. It also requires interleaving for high speed opera- 
tion, matching 4 fsc/8 fsc, where fsc is the subcarrier fre- 
quency. In addition, external circuits are needed for serial 
address scan. 
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The line memory provides all of these functions. Figure 1 -1 2 
shows the standard ogranization of a conventional memory 
buffer and Figure 1-13 shows the block diagram of line 
memory. 
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Conventional Line Buffer 
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The Hitachi HM63021 is a 2048-word x 8-bit line memory 
storing 2 horizontal lines of data. 

It has five different modes for various video graphic system 
applications. It realizes high speed operations for PAL and 
NTSC TV signals, and dissipates little power employing 
1 .3 jam CMOS technology and static-type memory cells. 

The features of the HM63021 are described as follows: 

• Five modes for various video graphic system applications 
—Delay line mode 

—Alternate 1 H/2H delay mode 

— TBC (Time-Base Corrector) mode 

— Double speed conversion mode 

— Time-base compression/expansion mode 

• High speed cycle time 

— HM63021-34: 34 ns min (corresponds to 8 fsc of NTSC 

TV signal) 
— HM63021-28: 28 ns min (corresponds to 8 fsc of PAL 

TV signal). 

Line memory in the system using digital signal processing 
technologies offers following applications: 

1 . comb filter 

2. double-speed conversion (non-interface) 

3. compression/expansion of graphics (picture-in-picture) 

4. dropout canceller 

5. time-base corrector 

6. noise reducer 



Figurer 1-13. Block Diagram of Line Memory 



34 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



2. DYNAMIC RAM 



2.1 



Dynamic RAM Memory Call 

The dynamic RAM memory cell consists of 1 MOS transistor 
and 1 capacitor, as shown in Figure 2-1 . It detects the data 
in the cell (1 or 0) by the charge stored in capacitor. Dynam- 
ic RAM offers higher density than that of static RAM be- 
cause of fewer components per chip. 

However, Dynamic RAM must rewrite data, called refresh, in 
a defined cycle because the charge stored in the capacitor 
leaks. 





Word Line 


Data 
Line 


n 




I 

0140-31 



Figure 2-1. Memory Cell of Dynamic RAM 
2.2 Power On Procedure 

After turning on power, to set the internal memory circuitry, 
hold for more than 1 00 jus, then apply eight or more dummy 
cycles before operation. The dummy cycle may be either a 
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normal read /write cycle or a refresh c ycle. When using an 
internal refresh counter, eight or more CAS before RAS re- 
fresh cycles are required as dummy cycles. 

2.3 Address Multiplexing 

Dynamic RAMs are used to increase capacity because of 
their smaller cell area. In using dynamic RAMs in systems, 
however, it is desirable to increase the memory density by 
using smaller packages. To reduce the number of pins and 
the package size, address multiplexing is used. 

Using a 1-Mbit dynamic RAM, 20-address signals are neces- 
sary to select one of 1,048,576 memory cells. Address multi- 
plexing allows address signals to be applied to each address 
pin. Thus only 10-address input pins are required to select 
one of 1,048,576 a ddres ses. Multiplexed address inputs are 
latched as follows: RAS (Row Address Strobe) selects one 
of word lines according to the row a ddres s signal, and one 
of column decoders is selected by CAS (column address 
strobe) follow ing colum n address signal. Although two extra 
signals, RAS and CAS, are required, the number of address 
pins is reduced to half. Figure 2-2 shows the pin arrange- 
ment, address latch waveform, and the block diagram of ad- 
dress-multiplexed 1-Mbit dynamic RAM. Systems need an 
address multiplexer in order to latch the multiplexed address 
signals into the device. 
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(c) Block diagram of Address Multiplexing 



Figure 2-2. Address Multiplexing of Dynamic RAMs 
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2.4 Dynamic RAM Function 
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tRc: Random Read or Write Cycle Time 

tRCD: RAS to CAS Delay Time 

*RAC : Access Time from RAS 

tcAC : Access Time from CAS 

R: Row Address 

C: Column Address 



(a) Read Cycle 
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(c) Read-Modify- Write Cycle 



Figure 2-3. Normal Function of Dynamic RAM 



Read Cycle: In th e rea d cycle, a row address is latched at 
the falling edge of RAS, and a co lumn address is latched at 
the falling edge of CAS after the RAS falling edge. If WE is 
high, the data is read out from D ou t with the access time of 
tpAC (Access time from CAS) or tRAc (Access time from 
RAS). 

The tRCD maximum (RAS to CAS delay time) is specified 
only to guarantee the specifie d min i mum values of other tim- 
ings such as the cycle time, RAS/CAS pulse width. There- 
fore, when using these timings with more than the specified 
minimum value, there is no need to limit the tRCD t0 tne 
specified maximum value. 



Write Cycle: Dynamic RAM provides two write cycle modes: 
early write cycle and delayed write cycle. In the early write 
cycle, w hen W E is low, data is written into Dj^ at the falling 
edge of CAS. In delayed write cycle, when WE is hig h, data 
is written into D, n at the falling edge of WE after CAS falling. 

Read-Modify-Write Cycle: The read-modify-write cycle is 
initiated by taki ng W E high. Data is read out from D ou t at the 
falling edge of CAS with WE high. Then, when WE goes low, 
data is written into the same address from Dj n in the same 
cycle. 

The cycle time in the read-modify-write mode (tRwc) is lon 9- 
er than the cycle time in read/write mode (tRc). 
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2.5 High Speed Access Mode 

Dynamic RAM access time is typically longer than that of 
static RAMs. To realize higher speed operation, they have 
high speed access modes. 

The read operation in dynamic RAM is performed as follows: 

When a word line is selected by row address, all data in the 
memory cells connected to the selected word line is trans- 
ferred to sense amplifiers. One of these sense amplifiers is 
selected by the column address, and its contents are output. 

The output of data from other sense amplifiers is controlled 
only by the column address. 

Access controlled only by column address with the row ad- 
dress fixed is called high speed access mode. Table 2-1 
compares each mode. 

Page Mode: This is the most typical access mode in dynam- 
ic RA M. The column address is switched synchronized with 
CAS falling. 
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Nibble Mode: In a nibble mode dynamic RAM, data from 4 
sequential addresses is stored i n the 4-bit output latch cir- 
cuits. Output is provided by the CAS signal, which controls 
the latch circuits. 

When 4 addresses are accessed sequentially, the row ad- 
dresses on and after second bit need not be selected. 
Therefore, it facilitates the timing design. In nibble mode, the 
operation is limited to 4 addresses, however, it enables fast- 
er access (tNAc) tnan that in page mode. 
Static Column Mode: In static column mode, the column 
address is switched without the synchronized signal by high- 
speed static RAM technology in the peripheral circuits. 

High Speed Page Mode: T his m ode is the advanced mode 
of static column mode, with CAS providing the address latch 
function. 




• Table 2-1. Comparison of Dynamic RAM High Speed Access Modes 



Normal Mode 




R: Row Address 
C: Column Address 
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Page Mode 
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High-Speed Page Mode 
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2.6 Refresh 

Refresh operation is performed by accessing every word line 
within the specified time (refresh cycle). Table 2-2 compares 
the following refresh modes in dynamic RAM. 

RAS Only Refresh: In RAS only refresh mode, refresh can 
be c ompl eted by selecting only row addresses synchronized 
with RAS. 



CAS Before RAS Refr esh: This mode refreshes by the 
CAS falling edge before RAS in the period defined by the 
internal refresh address generator. This mode simplifies the 
external address multiplexer. 

Hidden Refresh: In hidden refresh, CAS before RAS refresh 
is performed while output data is valid. 



• Table 2-2. Comparison of Dynamic RAM Refresh Modes 
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3. INSTRUCTIONS FOR USING MEMORY DEVICES 
3.1 Prevention of Electrostatic Discharge 

As semiconductor memory designs are based on a very fine 
pattern, they can be subject to malfunction or defects 
caused by static electricity. Though the built-in protection cir- 
cuits assure unaffected reliability in normal use, devices 
should be handled according to the following instructions. 

1. In transporting and storing memory devices, put them in 
conductive magazine or put all pins of each device into a 
conductive mat so that they are kept at the same poten- 
tial. Manufacturers should give enough consideration to 
packing when shipping their products. 

2. When devices touch a human body in mounting or inspec- 
tion, the handler must be grounded. Do not forget to in- 
sert a resistor (1 Ma approx. is desirable) in series to pro- 
tect the handles from electrical shock. 

3. Keep the relative ambient humidity at about 50% in pro- 



4. For working clothes, cotton is preferrable to synthetic fab- 
rics. 

5. Use a soldering iron operating at low voltage (1 2V or 24V, 
if possible) with its tip grounded. 

6. In transporting the board with memory devices mounted 
on it, cover it with conductive sheets. 

7. Use conductive sheets of high resistance to protect devic- 
es from electrostatic discharge. For, if dropped onto con- 
ductive materials like a metal sheet, devices may deterio- 
rate or even breakdown owing to sudden discharge of the 
charge stored on the surface. 

8. Never set the system to which memory devices are ap- 
plied near anything that generates high voltage (e.g., CRT 
Anode electrode, etc.). 

3.2 Using CMOS Memories 

As shown in Figure 3-1, the input of a CMOS memory is 
connected to the gate of an inverter consisting of PMOS 




Figure 3-1. CMOS Inverter 



Application 

and NMOS transistors. Figure 3-2 shows the relationship be- 
tween the input voltage and current in this inverter. The top 
and bottom transistors turn ON and make current flown 
when the input voltage becomes intermediate level. There- 
fore, it is necessary to keep the input voltage below 0.2V or 
above Vcc — 0.2V in order to minimize power consumption. 
The data sheet specifies the stand-by current for both the 
cases of input level with minimum Vm and maximum Vn_, 
and that with 0.2V or Vcc _ 0.2V, and the difference in val- 
ue is remarkably great. Some memory devices are designed 
to cut off such current flow in standby mode by the control 
of input signals, but it depends on device type. This should 
be confirmed in data sheets for each device type. 
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Figure 3-2. Relationship between Input Voltage and 
Current in CMOS Inverter 

Another problem particular to CMOS devices is latch-up. Fig- 
ure 3-3 shows the cross section of a CMOS inverter and the 
structure of a parasitic bipolar transistor. The equivalent cir- 
cuit of the parasitic thyristor is shown in Figure 3-4. When 
positive DC current or pulse noise is applied (Figure 3-4 (a)), 
TR3 is turned on owing to the bias voltage generated be- 
tween base and emitter. And trigger current flows into GND 
through Rp, the base resistance of TR2. As a result, TR2 
becomes conductive and current flows from power supply 
(Vcc) through the base resistance of TR1 (Rn), which puts 
TR1 into conduction, too. Then, as the base of TR2 is rebi- 
ased by collector current from TR1, the closed loop consist- 
ing of TR1 and TR2 reacts. Thus current flows constantly 
between power supply (Vcc) and GND even without trigger 
current caused by outside noise. 

Latch-up can be caused by a negative pulse, too (Figure 3-4 
(bb)). Most of semiconductor memory manufacturers are try- 
ing to improve latch-up immunity of their products. Hitachi 
provides enough guard band by applying diffusion layer 
around inputs and outputs, taking care not to connect input 
to p + diffusion layer. Input voltage for 64K-bit static RAM 
HM6264A, for example, is specified as follows: 

Vm max 6.0V (not depending on Vcc) 
Vil min 3.0V (pulse width = 50 ns) 
-0.3V (DC level) 

Thus almost no consideration for latch-up is required in sys- 
tem design. 
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Figure 3-3. Cross Section Structure of CMOS Inverter 
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Figure 3-4. Equivalent Circuit of Parasitic Thyristor 



3.3 Noise Prevention 

Noise in semiconductor memories is roughly classified into 
input signal noise and power supply noise. 

3.3.1 Input Signal Noise 

Input signal noise is caused by overshoot and undershoot. If 
either of them is out of recommended DC operating condi- 
tions, normal operation is hindered, and voltage over abso- 
lute maximum rating will break the device. In operating high 
speed systems, special care is required to prevent input sig- 
nal noise. 

The noise can be prevented by inserting a serial resistance 
of less than 50H into each input or a terminating resistance 
into the input line. Actually, however, input signal noise can 
be simply reduced by a stable power supply line, because it 
is often caused by unstable reference voltage (GND level). 

3.3.2 Power Supply Noise 

The power source noise can be classed as low-frequency 
noise and high-frequency noise as shown in Figure 3-5. To 
assure stable memory operation, the peak-to-peak power 
supply voltage in the presence of low-or high-frequency 
noise should be held below 1 percent of its standard level. 

Devices like dynamic RAMs, which operate from clock sig- 
nals, or high speed CMOS static RAMs, through which cur- 
rent flows during transition of signals, consume high peak 



.1 



Total of Low-and High -frequency 
Not More thin + \Q% of Standard P 
Supply Voltaae 



Figure 3-5. Power Source Noise 

current. When a power supply does not have enough capac- 
ity for the peak current, voltage drops. And if the recovery 
rate of the power supply synchronizes with its time constant, 
it may start oscillating. To reduce the influence of the peak 
current, a bypass capacitor of 0.1 - 0.01 juF should be in- 
serted near the device. The following points must be consid- 
ered in designing pattern of the board: 

• For bypass capacitors, use titanium, ceramic, or tantalum 
capacitors which have better high-frequency characteris- 
tics. 

• Bypass capacitors must be applied as near to the power 
supply pin of memory devices as possible, and inductance 
in the path from Vcc Pin to Vss pin through the bypass 
capacitor must be as little as possible. 
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• The line connected to the power supply on the board 
should be as wide as possible. 
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• It is preferable for the power supply line to be at right an- 
gles to devices selected at the same time, lest too much 
peak current should flow through one power supply line at 
a time. 
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Figure 3-6. Examples of Power Supply Board Pattern 



3.4 Address Input Waveform of Hi-BiCMOS Memory 

Data stored in memory might be destructed in case that Ad- 
dress Input of the HM6716, HM6719, HM6787, HM6788 and 
HM6789 series becomes floating and sticks at and around 
threshold voltage, (e.g., CPU does Address Bus to off state 
in Figure 1.) Consequently, the following three methods are 
recommended so as to preserve malfunction of memory de- 
vice. 

A: Insert latch as shown in Figure 3-7 lest Address Input 
should become floating. 

B: Put CS into High while Address Input becomes floating. 
(Dotted line in Figure 3-8) 

C: Insert Pull-up Resistor (R) to hold time constant of Rising 
Edge waveform of Address Input pin (t r = R x C) below 
1 50 ns. 

Stable operation can be assured if you have already adopt- 
ed the above three methods (A, B, C), while if you have any 
problem, please contact our sales offices. 
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HM514256A/AL Series 

262,144-Word x 4-Bit CMOS Dynamic RAM 

■ DESCRIPTION 

The Hitachi HM514256A/AL is a CMOS dynamic RAM organized 262,144-word x 
4-bit. HM514256A/AL has realized higher density, higher performance and various 
functions by employing 1 .3 jam CMOS technology and some new CMOS circuit de- 
sign technologies. The HM514256A/AL offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514256A/AL to be packaged in stan- 
dard 20-pin plastic DIP, 20-pin plastic SOJ and 20-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns/120 ns (max) 

• Low Power 

Standby 11 mW (max), 1 .7 mW (max) (L Version) 

Active 495 mW/440 mW/363 mW/302.5 mW/258.5 mW (max) 

• Fast Page Mode Capability 

• 512 Refresh Cycles (8 ms), (64 ms) (L Version) 

• 2 V ariatio ns of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

■ PIN OUT 



HM514256A/ALP 

Series 




HM514256A/AUP 

Series 

Hitachi Pin No« 
JEDECPinNo. 



HM514256A/ALZP 

Series 



1/01 

1/02 2[ 

WE 3[ 

RAS 4[ 

NC 5[ 



AO 6[ 
Al 7[ 
A2 8[ 
A3 9[ 
VcelOC 



320 Vss 
]19 1/04 
318 1/03 
317 5§ 
]16 0E 



315 A8 
314 A7 
313 A6 
312 A5 
311 A4 



(Top View) 



(Top View) 



CAS 2 

1/04 4 
1/01 6 
WE 8 
NC10 
Al 12 

A3 14 c: 

A4 16 = 

A618 

A8 



20UD ] 



10E 
31/03 
5 V» 
7 1/02 

9 Has 

HAO 
13 A2 
15Vcc 
17 A5 
19A7 



(Top View) 



HM514256A/ALP Series 


^ 






3DDP20NA 
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HM514256A/ALJP Series 




3DCP20D 

(CP-20D) 


HM514256A/ALZP Series 
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3DZP20 
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PIN DESCRIPTION 



Pin Name 


Function 


Ao-A 8 


Address Input 


Ao-A 8 


Refresh Address Input 


I/O1-I/O4 


Data Input/Data Output 
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Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Write Enable 


OE 


Output Enable 
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Ground 
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HM514256A/AL Series 



ORDERING INFORMATION 



Part No. 


Access Time 


Package 


Part No. 


Access Time 


Package 


HM514256AP-6 


60 ns 




HM514256ALP-6 


60 ns 




HM514256AP-7 


70 ns 


300-mil 20-pin 


HM514256ALP-7 


70 ns 


300-mil 20-pin 


HM514256AP-8 


80 ns 


Plastic DIP 


HM514256ALP-8 


80 ns 


Plastic DIP 


HM514256AP-10 


100 ns 


(DP-20NA) 


HM514256ALP-10 


100 ns 


(DP-20NA) 


HM514256AP-12 


120 ns 




HM514256ALP-12 


120 ns 




HM514256AJP-6 


60 ns 




HM514256ALJP-6 


60 ns 




HM514256AJP-7 


70 ns 


300-mil 20-pin 


HM514256ALJP-7 


70 ns 


300-mil 20-pin 


HM514256AJP-8 


80 ns 


Plastic SOJ 


HM514256ALJP-8 


80 ns 


Plastic SOJ 


HM514256AJP-10 


100 ns 


(CP-20D) 


HM514256AUP-10 


100 ns 


(CP-20D) 


HM514256AJP-12 


120 ns 




HM514256ALJP-12 


120 ns 




HM514256AZP-6 


60 ns 




HM514256ALZP-6 


60 ns 




HM514256AZP-7 


70 ns 


400-mil 20-pm 


HM514256ALZP-7 


70 ns 


400-mil 20-pin 


HM514256AZP-8 


80 ns 


Plastic ZIP 


HM514256ALZP-8 


80 ns 


Plastic ZIP 


HM514256AZP-10 


100 ns 


(ZP-20) 


HM514256ALZP-10 


100 ns 


(ZP-20) 


HM514256AZP-12 


120 ns 




HM514256ALZP-12 


120 ns 





■ BLOCK DIAGRAM 
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HM514256A/AL Series 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


v T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vgs 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


W 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temerature 


Topr 


Oto +70 


°C 


Storage Temperature 


T stg 


- 55° to + 125 


°C 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to +70°C) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


ViH 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


I/O Pin 


ViL 


-1.0 


— 


0.8 


V 


1 


Others 


ViL 


-2.0 


— 


0.8 


V 


1 



Note: 1. All voltage reference to Vss- 

• DC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 






Symbol 


HM5 14256 


Unit 


Test 
Conditions 




Item 


A/AL-6 


A/AL-7 


A/AL-8 


A/AL-10 


A/AL-12 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating 
Current 


tel 


- 


90 


- 


80 


- 


66 


- 


55 


- 


47 


mA 


RAS, CAS Cycling, 
t R c = Min 


1,2 




!CC2 


- 


2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 


RAS, CAS = V IH 
D out = High-Z 
TTL Interface 




Standby 
Current 


- 


1 


- 


1 


- 


1 


- 


1 


- 


1 


RAS, CAS > V cc - 0.2V 
CMOS Interface 






- 


300 


- 


300 


- 


300 


- 


300 


- 


300 


fj,A 


D out = High-Z 

CMOS Interface L- Version 




RASOnly 

Refresh 

Current 


!CC3 


- 


90 


- 


80 


- 


66 


- 


55 


- 


47 


mA 


t RC = Min 


2 


Battery Backup 
Current (Only 
for L- Version) 


!CC4 


- 


300 


- 


300 


- 


300 


- 


300 


- 


300 


jaA 


t RC = 125 jlls 
CAS Before 
RAS Cycling 


4 


Standby 
Current 


!cc5 


- 


5 


- 


5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH 
CAS = V IL 

D out = Enable 


1 


CAS Before RAS 
Refresh Current 


!CC6 


- 


80 


- 


70 


- 


66 


- 


55 


- 


47 


mA 


tRC = M i n 




Fast Page 
Mode Current 


l CCl 


- 


80 


- 


70 


- 


55 


- 


55 


- 


47 


mA 


tpc = Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


julA 


0V < V in < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


jaA 


0V < V out < 7V 
D out = Disable 





HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



47 



HM514256A/AL Series 



• DC Characteristics (T A = to + 70°C, V C c = 5V ±10%, V S s = 0V) (continued) 





Symbol 


HM5 14256 


Unit 


Test 
Conditions 




Item 


A/AL-6 


A/AL-7 


A/AL-8 


A/AL-10 


A/AL-12 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Output High 
Voltage 


VOH 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


HighI 0Ut = -5mA 




Output Low 
Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 





Notes: 1. Ice depends on output loading condition when the device is selected. Ice (max) is specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vjl- 

3. Address can be changed once or less while CAS = Vjh- 
4 - tRAS = tRAS (min) to 1 /xs. 

Input Voltage: I/O Pins: V IH £ V cc - 0.2V, V IL <: 0.2V or High-Z 

The Other Pins: V IH £ V CC ~ 0.2V, or V IL < 0.2V 



• Capacitance (T A = 25°C, Vcc ±10%) 












Item 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance 


Address 


Cn 


— 


5 


pF 


1 


Clock 


Cl2 


— 


7 


pF 


1 


Input/Output Capacitance 


Data Input/Data Output 


C I/0 


— 


10 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 

• AC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = OV) 14 

Test Conditions 

Input Rise and Fall Times 5 ns 

Input Timing Reference Levels 0.8V, 2.4V 

Output Load 2 TTL Gate + C L (100 pF) 

(Including Scope and Jig) 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 





Symbol 


HM5 14256 


Unit 




Item 


A/AL-6 


A/AL-7 


A/AL-8 


A/AL-10 


A/AL-12 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Random Read or 
Write Cycle Time 


tRC 


120 


- 


130 


- 


160 


- 


190 


- 


220 


- 


ns 




RAS Precharge Time 


tRP 


50 


— 


50 


— 


70 


— 


80 


— 


90 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


20 


10000 


20 


10000 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 





— 





— 





— 


ns 




Column Address Hold Time 


*CAH 


15 


— 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


40 


20 


50 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Delay Time 


tRAD 


15 


30 


15 


35 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


20 


— 


20 


— 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tcSH 


60 


— 


70 


— 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS 
Precharge Time 


tCRP 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 
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Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) (continued) 














HM5 14256 


Unit 




Item 


Symbol 


A/AL-6 


A/AL-7 


A/AL-8 


A/AL-10 


A/AL-12 


Note 






Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




OE to D ln Delay Time 


tODD 


20 


— 


20 


— 


20 


— 


25 


— 


30 


— 


ns 




OE Delay Time from D ln 


tDZO 





— 





— 





— 





— 





— 


ns 




CAS Delay Time from D m 


*DZC 





— 





— 





— 





— 





— 


ns 




Transition Time 
(Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


1,7 


Refresh Period 


tREF 


— 


8 


— 


8 


— 


8 


— 


8 


— 


8 


ms 




Refresh Period 
(Only for L- Version) 


tREF 


- 


64 


- 


64 


- 


64 


- 


64 


- 


64 


ms 




Read Cycle 




Symbol 


HM5 14256 


Unit 




Item 


A/AL-6 


A/AL-7 


A/AL-8 


A/AL-10 


A/AL-12 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Mm 


Max 


Min 


Max 




Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


— 


120 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


20 


— 


20 


— 


25 


— 


25 


— 


30 


ns 


3,4 


Access Time from Address 


*AA 


— 


30 


— 


35 


— 


40 


— 


45 


— 


55 


ns 


3,5 


Access Time from OE 


tOAC 


— 


20 


— 


20 


— 


25 


— 


25 


— 


30 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 





— 





— 


ns 




Read Command Hold 
Time to CAS 


tRCH 





- 





- 





- 





- 





- 


ns 




Read Command Hold 
Time to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Column Address to 
RAS Lead Time 


tRAL 


30 


- 


35 


- 


40 


- 


45 


- 


55 


- 


ns 




Output Buffer 
Turn-off Time 


tOFFl 


- 


20 


- 


20 


- 


20 


- 


25 


- 


30 


ns 


6 


Output Buffer 
Turn-off to OE 


*OFF2 


- 


20 


- 


20 


- 


20 


- 


25 


- 


30 


ns 


6 


CAS to D in 
Delay Time 


tCDD 


20 


- 


20 


- 


20 


- 


25 


- 


30 


- 


ns 




Write Cycle 




Symbol 


HM5 14256 


Unit 




Item 


A/AL-6 


A/AL-7 


A/AL-8 


A/AL-10 


A/AL-12 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Write Command Setup Time 


twcs 





— 





— 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


15 


— 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


t WP 


10 


— 


10 


— 


15 


— 


15 


— 


20 


— 


ns 




Write Command to 
RAS Lead Time 


tRWL 


20 


- 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




Write Command to 
CAS Lead Time 


tcWL 


20 


- 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 





— 





— 


ns 


11 


Data-in Hold time 


tDH 


15 


— 


15 


— 


15 


— 


20 


— 


25 


- 


ns 


11 
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HM514256A/AL Series - 
Read-Modify-Write Cycle 





Symbol 


HM5 14256 


Unit 




Item 


A/AL-6 


A/AL-7 


A/AL-8 


A/AL-10 


A/AL-12 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Read- Write Cycle Time 


tRWC 


170 


— 


180 


— 


220 


— 


255 


— 


295 


— 


ns 




RAS to WE Delay Time 


tRWD 


85 


— 


95 


— 


110 


— 


135 


— 


160 


— 


ns 


10 


CAS to WE Delay Time 


*CWD 


45 


— 


45 


— 


55 


— 


60 


— 


70 


— 


ns 


10 


Column Address to 
WE Delay Time 


tAWD 


55 


- 


60 


- 


70 


- 


80 


- 


95 


- 


ns 


10 


OE Hold Time from WE 


k)EH 


20 


— 


20 


— 


25 


— 


25 


— 


30 


— 


ns 





Refresh Cycle 






























Symbol 


HM5 14256 


Unit 




Item 


A/AL-6 


A/AL-7 


A/AL-8 


A/AL-10 


A/AL-12 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




CAS Setup Time 
(CAS Before RAS 
Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS Before RAS 
Refresh Cycle) 


tCHR 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to 
CAS Hold Time 


tRPC 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 





Fast Page Mode Cycle 





Symbol 


HM5 14256 


Unit 




Item 


A/AL-6 


A/AL-7 


A/AL-8 


A/AL-10 


A/AL-12 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Fast Page Mode 
Cycle Time 


tpc 


45 


- 


50 


- 


55 


- 


55 


- 


65 


- 


ns 




Fast Page Mode CAS 
Precharge Time 


tcp 


10 


- 


10 


- 


10 


- 


10 


- 


15 


- 


ns 




Fast Page Mode RAS 
Pulse Width 


tRASC 


- 


100000 


- 


100000 


- 


100000 


- 


1000000 


- 


100000 


ns 


12 


Access Time from 
CAS Precharge 


tACP 


- 


40 


- 


45 


- 


50 


- 


50 


- 


60 


ns 


13 


RAS Hold Time 
from CAS Precharge 


tRHCP 


40 


- 


45 


- 


50 


- 


50 


- 


60 


- 


ns 




Fast Page Mode 
Read- Write Cycle Time 


tpCM 


95 


- 


100 


- 


110 


- 


115 


- 


135 


- 


ns 





Notes: 1. AC measurements assume tx = 5 ns. 

2. Assumes that tRCD ^ tRCD (max) and tRAD - tRAD (max). If tRCD or tRAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that tRCD - tRCD (max) and tRAD - tRAD (max). 

5. Assumes that tRCD ^ tRCD (max) and tRAD - tRAD (max). 

6. toFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. Transition times are measured between Vjfj and Vil- 

8. Operation with the tRCD (max) limit insures that tRAc (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD i s greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAO 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 
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10. t\ycs> tRWD> tcWD an d tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs - twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD ^ tRWD (min), tcwD - tcWD (min) and t^WD - tAWD (min), the 
cycle is a read-write and the data output will contain data read from the selected cell; if neither of the above sets of condi- 
tions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-write cycles. 

12. tRASc i s determined by RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of t^A» tcAC or tACP- 

14. An initial pause of 100 jas is required after power-up followed by eight or more initialization cycles (any combination of 
cycles containing RAS clock such as RAS only refresh). If the internal refresh counter is used, eight or more CAS before 
RAS refresh cycles are required. 

I TIMING WAVEFORMS 
' Read Cycle 



X 



CAS 



tfiAS 



vpzzv 



K 



a 'I m milk 



/ 



^m^MX^MMMK 



tkcs 



High-Z 



Din 



mm 



High-Z 



OF ' 



ZWUL 



< Valid \ 
Output a /" 



'l//l//l//l//////h. M////////// 



VMS. 



WZft Don't care 
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HM514256A/AL Series 
• Early Write Cycle 



^ 



\ 



VP^\ 



/ 



— m^n/m^^ Y//////////M 



mum , 



'////////M l 



WW/////////, 



Valid Input 



N 



:* /////////////// 



High-Z 



OE : Don't care 

twos £ twcs (min) 

g%Z3 : Don't care 



• Delayed Write Cycle 



- uum 



High-Z 



« m///////7 777T}\ ^(//////////////, 



■Ex 



v 



W///////// 



M tD » m \ 



niiiiiiimii t 



High-Z 



Wlllllllll 

V7T\ : Don't care 
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• Read-Modify-Write Cycle 



\ 



CAS 



\ 



TK^rn. 



/ 



Column 



•im/iim 



mum 



/G^V 



W//////M 



High-Z 



High-Z 



/ Valid \ 
^Output I 



I 



iiiiiiiiinii 



Valid 
Input 



Mllllllllh 



WZZ4 : Don't care 



» RAS Only Refresh Cycle 



N r- 8 --^ - 



CAS r 



V//////W 



K 



WMnuniR 



7777m — ^-^//////////////////A 



High-Z 



OE, WE : Don't care 
: Don't care 
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• CAS Before RAS Refresh Cycle 



RAS 



CAS 



/' N r^-K 




,mmA 



Address,Din,WE '. Don't care 
Dout '. High-Z 
Y//X '- Don't care 



• Fast Page Mode Read Cycle 



"RS5 



CSS 



-"V 



Address 



WT 



Din 



'SX. 



tRCO 



tASC 



W-^^WT^^XF/Tl^-X /////. 



7mm 



ZZZ> 



Dout 



ur 



" ^ *CAS _ "* 



tcoo 



M 



High-Z 



tAA 



High-Z 




tcAS ** ' H tcAS "* 



I? 



is* 

High-Z 



tAA 



tcDD 
5 / 



High-Z 



tcAC 



High-Z 



mzm^j 



/ 



v 



ODD 
toFFl 



^ZZ2 



3 L Valid 
* Output 



to AC 



(////] : Don't care 
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Fast Page Mode Early Write Cycle 



MS 



CA5 



\ 



Address 



WE 



^53 



tASC 



^* 



mm. 



\ 7 3 L__ 



xnn 



mm 

twcs I 

am. 



v 




» amrsrmcsr,mrsrff77TJ 



.SZZZL 



toH 



Dout 



High-Z 



OE : Don't care 
Y//A • Don't care 



> Fast Page Delayed Write Cycle 



¥11\- 



NZZ7 



« MZE^^JMZlk 



WRi 



\ 



^^^M^ ^/!//l/I/l/l^////M/l///i 






3^^: 



W////M 



"■ mrnrrm, 



TSJr 



V777X Don t ere 



WS 
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• Fast Page Mode Read-Modify-Write Cycle 



RAS 



CAS 



N: 



tRASC 



■| I- **p 



WE Z 



Dm 



7 



tc*H 



Column 



7 77777^r 



S"\ 



W/////////////M 



Dout 



OE 



High-Z 



<K 






j 



Column 



a 




Valid 
Input 



m> 



hen 



W/////////M 



tAA 



High-Z 



^2 



<K 



m / r 



\— ///////mm 



Valid 
Input 



High-Z 



m 



F£^fl : Don't care 

0136-14 
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Supply Current (Active) 
vs. Supply Voltage 




4.50 4.75 5.00 5 25 5.50 

Supply Voltage Vcc(V) 



8 



Supply Current (Active) 
vs. Ambient Temperature 



I 0.9 

a 
>% 

U 0.8 



80 



Ambient Temperature Ta (°C) 



Supply Current (Active) 
vs. Frequency 




0.1 0.5 1.0 

Frequency f(MHz) 



5.0 10.0 



1.3 

1 

=3 1-2 

| 1.1 

B 



& 

1 

CO 



1.0 



0.9 



Supply Current (Standby) 
vs. Supply Voltage 



0-7, 



CMOS 


interface 






































<^ 









4.50 4.75 5.00 5.25 5.50 

Supply Voltage Vcc(V) 



Supply Current (Standby) 
vs. Supply Voltage 



1.6 

1 

i '■< 

| 1.2 

8 

~ 1.0 

I 0.8 

1 06 



TTLin 


erface 






























^ 

















4.50 4.75 5.00 5.25 5.50 

Supply Voltage Vcc(V) 



Supply Current (Standby) 
vs. Ambient Temperature 




Ambient Temperature Ta(°C) 
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HM514256A/AL Series 



^ 


1.3 


1 








•a 


1.2 


E 




o 




£ 


1.1 


y 




1 


1.0 


& 




.8 




H 


0.9 


Cfl 




1 




0.8 


CO 




< 




C* 


H 



RAS Access Time 
vs. Supply Voltage 



4.50 4.75 5.00 5.25 5.50 

Supply Voltage Vcc(V) 



1 - 3 

1 

1 12 

i -• 

^ 0.9 

10 

< 0.8 

CO 

< 

* 0.7 



RAS Access Time 
vs. Ambient Temperature 



Ambient Temperature Ta(°C) 



CAS Access Time vs. 
Supply Voltage 



^s 1.3 



*3 1.2 



£ 



I 



CO 

< 



0.9 



0.7 











\ 









































4.50 4.75 5.00 5.25 5.50 

Supply Voltage Vcc(V) 



1 

'■a 

i 
i 

CA 

u 

CO 

3 



CAS Access Time vs. 
Ambient Temperature 



I.J 
1.2 
1.1 
1.0 
0.9 
0.8 
n 7 



















































40 



Ambient Temperature Ta(°C) 



^ 1.3 

.1 

2 1.2 



8 0.9 

< 0.8 
u 

M 

3 0.7 



Address Access Time 
vs. Supply Voltage 



>4.50 4.75 5.00 5.25 5.50 

Supply Voltage Vcc(V) 



I 



S 
P 

M 

s 

3 



3 



Address Access Time vs. 
Ambient Temperature 



1.0 

1.2 
1.1 
1.0 
0.9 
0.8 
n 7 



















































20 40 60 

Ambient Temperature Ta(°C) 
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HM514258A Series 

262,144-Word X 4-Bit CMOS Dynamic RAM 

■ DESCRIPTION 

The Hitachi HM514258A is a CMOS dynamic RAM organized 262144-word x 
4-bit. HM514258A has realized higher density, higher performance and various func- 
tions by employing 1.3 jum CMOS technology and some new CMOS circuit design 
technologies. The HM514258A offers Static Column Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514258A to be packaged in standard 
20-pin plastic DIP, 20-pin plastic SO J and 20,-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns/120 ns (max) 

• Low Power 

Standby 1 1 mW (max) 

Active 495 mW/440 mW/413 mW/358 mW/303 mW (max) 

• Static Column Mode Capability 

• 512 Refresh Cycles (8 ms) 

• 2 V ariatio ns of Refresh 

RA S Only Refre sh 

CS Before RAS Refresh 

■ ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HM514258AP-6 


60 ns 




HM514258AP-7 


70 ns 


300 mil 20-pin 


HM5 14258 AP-8 


80 ns 


Plastic DIP 


HM514258AP-10 


100 ns 


(DP-20NA) 


HM514258AP-12 


120 ns 




HM5 14258 AJP-6 


60 ns 




HM514258AJP-7 


70 ns 


300 mil 20-pin 


HM5 14258 AJP-8 


80 ns 


Plastic SOJ 


HM514258AJP-10 


100 ns 


(CP-20D) 


HM514258AJP-12 


120 ns 




HM5 14258 AZP-6 


60 ns 




HM514258AZP-7 


70 ns 


400 mil 20-pin 


HM514258AZP-8 


80 ns 


Plastic ZIP 


HM514258AZP-10 


100 ns 


(ZP-20) 


HM514258AZP-12 


120 ns 





PIN OUT 



HM514258AP Series 




HM514258AJP Series 

Hitachi Pin No. 
JEDEC Pin No. 



HM5 14258 AZP Series 



I/Ol 1 
1/02 2 
WE 3 
RAS 4 



A3 9| 
Vec 101 



|20 V a 
]19 1/04 
]18 1/03 

jncs 

)l6 0E 



]15 A8 
]14 A7 
]13 A6 
J 12 A5 
J 11 A4 



(Top View) 



(Top View) 







1 OE 


CS 2 




3 1/03 


1/04 4 




5 V a 


I/Ol 6 




7 1/02 


WE 8 




9 RAS 


NC 10 




11 A0 


Al 12 




13 A2 


A3 14 




15 V cc 


A4 16 




17 A5 


A6 18 




19 A7 


A8 20k&J 


(Bott( 


)m 




View) 



HM5 14258 AP Series 




(DP-20NA) 



HM5 14258 AJP Series 




(CP-20D) 



HM5 14258 AZP Series 




(ZP-20) 




PIN DESCRIPTION 



Pin Name 


Function 


Ao-A 8 


Address Input 


Ao-A 8 


Refresh Address Input 


I/O0-I/O4 


Data Input/Data Output 


RAS 


Row Address Strobe 


CS 


Chip Select 


WE 


Write Enable 


OE 


Output Enable 


Vcc 


Power Supply ( + 5V) 


v S s 


Ground 
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HM514258A Series 



BLOCK DIAGRAM 



MS 
± 



RS5 Control 
Circuit 



cs 



Cl Control 
Circuit 

1/01 1/02 
-1 



WE 



flE Control 
Circuit 

T~ 

1/03 1/04 
I 






OT Control 
Circuit 



| I/O Buffer | ) I/O Buffer \ 



n$- 



256k 
Memory 
Cell 
Array 



f 



256k 
Memory 
Cell 
Array 



Word Driver VV Word Driver Word Driver W Word Driver 



Row Decoder I Row Decoder 



5L 



256k 
Memory 
Cell 
Array 



Row Address Buffer 



H 



256k 
Memory 
Cell 
Array 



Row Decoder 



Column Address Buffer 
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HM514258A Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


v C c 


- 1.0 to + 7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


Topr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




V C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vm 


2.4 


— 


6.5 


V 


1 


Input Low 


I/O Pin 


VlL 


-1.0 


— 


0.8 


V 


1 


Voltage 


Others 


Vil 


-2.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vss- 

• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 




Parameter 


Symbol 


HM514258A 
-6 


HM514258A 
-7 


HM514258A 
-8 


HM514258A 
-10 


HM514258A 
-12 


Unit 


Test Conditions 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating Current 


!CC1 


- 


90 


- 


80 


- 


75 


- 


65 


- 


55 


mA 


RAS, CS Cycling 
t RC = Min 


1,2 


Standby Current 


!CC2 


- 


2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CS = V IH , 
D out = High-Z 




- 


1 


- 


1 


- 


1 


- 


1 


- 


1 


mA 


CMOS Interface, RAS, 
CS > V cc - 0.2V, 
D out = High-Z 




RAS Only 

Refresh Current 


!CC3 


- 


90 


- 


80 


- 


75 


- 


65 


- 


55 


mA 


tRC = Min 


2 


Standby Current 


ICC5 


- 


5 


- 


5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH , 
CS = V IL , 
D out = Enable 


1 


CS Before RAS 
Refresh Current 


!CC6 


- 


80 


- 


70 


- 


65 


- 


55 


- 


45 


mA 


t RC = Min 




Static Column 
Mode Current 


ICC9 


- 


80 


- 


70 


- 


65 


- 


55 


- 


45 


mA 


tsc = Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


uA 


0V < V in < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


JLlA 


0V < V out < 7V, 
D out = Disable 




Output High Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


High I out = - 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected. Ice max * s specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vjl. 

3. Address can be changed once or less while CS = Vm- 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



61 



HM514258A Series 



• Capacitance (T A = 25°C, Vcc = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


C12 


— 


7 


pF 


1 


Input/Output Capacitance (Data Input, Data Output) 


Cl/O 


— 


10 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CS = V IH to disable D out . 

• AC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V)17, 18 
Test Conditions 



Input Rise and Fall Times: 
Input timing reference levels: 
Output load: 



5 ns 

0.8V, 2.4V 

2TTLGate + C L (100 pF) 

(Including scope and jig) 



Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 














Parameter 


Symbol 


HM514258A 
-6 


HM514258A 
-7 


HM514258A 
-8 


HM514258A 
-10 


HM514258A 
-12 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Random Read or Write Cycle Time 


tRC 


120 


— 


130 


— 


160 


— 


190 


— 


220 


— 


ns 




RAS Precharge Time 


tRP 


50 


— 


50 


— 


70 


— 


80 


— 


90 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


120 


10000 


ns 




CS Pulse Width 


tsp 


20 


10000 


20 


10000 


25 


10000 


30 


10000 


30 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


tASW 





— 





— 





— 





— 





— 


ns 




Column Address Hold Time 


*AHW 


15 


— 


15 


— 


20 


— 


25 


— 


25 


— 


ns 




RAS to CS Delay Time 


tRCD 


20 


40 


20 


50 


22 


55 


25 


70 


25 


90 


ns 


8 


RAS Hold Time 


tRSL 


20 


— 


20 


— 


25 


— 


30 


— 


30 


— 


ns 




CS Hold Time 


tCSH 


60 


— 


70 


— 


80 


— 


100 


— 


120 


— 


ns 




CS to RAS Precharge Time 


tSRS 


10 


— 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




OE to D in Delay Time 


tODD 


20 


— 


20 


— 


20 


— 


25 


— 


30 


— 


ns 




OE Delay Time from Dj n 


tDZO 





— 





— 





— 





— 





— 


ns 




CS Delay Time from D m 


*DZC 





— 





— 





— 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


1,7 


Refresh Period 


tREF 


— 


8 


— 


8 


— 


8 


— 


8 


— 


8 


ms 




Read Cycle 


Parameter 


Symbol 


HM51 


4258A 
6 


HM51 


4258A 

7 


HM514258A 
-8 


HM514258A 
-10 


HM514258A 
-12 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


— 


120 


ns 


2,3 


Access Time from CS 


*ACS 


— 


20 


— 


20 


— 


25 


— 


30 


— 


30 


ns 


3,4 


Access Time from Address 


tAA 


— 


30 


— 


35 


— 


40 


— 


50 


— 


55 


ns 


3, 5, 14 


Access Time from OE 


tOAC 


— 


20 


— 


20 


— 


25 


— 


25 


— 


30 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 





— 





— 


ns 




Read Command Hold Time to CS 


tRCH 





— 





— 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


10 


— 


10 


— 


ns 





62 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM514258A Series 



Read Cycle (continued) 



Parameter 


Symbol 


HM514258A 
-6 


HM514258A 
-7 


HM514258A 
-8 


HM514258A 
-10 


HM514258A 
-12 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




RAS to Column Address Hold Time 


tAHR 


15 


— 


15 


— 


15 


— 


15 


— 


15 


— 


ns 


16 


RAS to Column Address Delay Time 


*RAD 


15 


30 


15 


35 


17 


40 


20 


50 


20 


65 


ns 


9 


Column Address to RAS Lead Time 


tRAL 


30 


— 


35 


— 


40 


— 


50 


— 


55 


— 


ns 




Column Address Hold Time from RAS 


tAR 


60 


— 


70 


— 


80 


— 


100 


— 


120 


— 


ns 




Output Buffer Turn-off Time 


tOFF 


— 


20 


— 


20 


— 


20 


— 


25 


— 


30 


ns 


6 


Output Buffer Turn-off to OE 


tOFF2 


— 


20 


— 


20 


— 


20 


— 


25 


— 


30 


ns 


6 


Output Hold Time from Address 


tAOH 


5 


— 


5 


— 


5 


— 


5 


— 


5 


— 


ns 




CS to D in Delay Time 


tCDD 


20 


— 


20 


— 


20 


— 


25 


— 


30 


— 


ns 




CS Hold Time from OE 


tOCH 


20 


— 


20 


— 


25 


— 


25 


— 


30 


— 


ns 




OE Hold Time from RAS 


tROH 


60 


— 


70 


— 


80 


— 


100 


— 


120 


— 


ns 




OE Hold Time from CS 


tcOH 


20 


— 


20 


— 


25 


— 


25 


— 


30 


— 


ns 




OE Pulse Width 


tQEP 


20 


— 


20 


— 


25 


— 


25 


— 


30 


— 


ns 





Write Cycle 



Parameter 


Symbol 


HM514258A 
-6 


HM514258A 
-7 


HM514258A 
-8 


HM514258A 
-10 


HM514258A 
-12 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Write Command Setup Time 


twcs 





— 





— 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


15 


— 


15 


— 


20 


— 


25 


— 


25 


— 


ns 




Write Command Hold Time to RAS 


t\VCR 


55 


— 


65 


— 


75 


— 


95 


— 


115 


— 


ns 




Write Command Pulse Width 


t\VP 


10 


— 


10 


— 


15 


— 


15 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


20 


— 


25 


— 


25 


— 


30 


— 


ns 




Write Command to CS Lead Time 


tcWL 


20 


— 


20 


— 


25 


— 


25 


— 


30 


— 


ns 




Dj n Setup Time 


tDS 





— 





— 





— 





— 





— 


ns 


11 


D in Hold Time 


tDH 


15 


— 


15 


— 


20 


— 


25 


— 


25 


— 


ns 


11 


D in Hold Time to RAS 


tDHR 


55 


— 


65 


— 


75 


— 


95 


— 


115 


— 


ns 




Column Address Hold Time from RAS 


*AWR 


55 


— 


65 


_ 


75 


— 


95 


— 


115 


— 


ns 





Read-Modify-Write Cycle 



Parameter 


Symbol 


HM514258A 
-6 


HM514258A 
-7 


HM514258A 
-8 


HM514258A 
-10 


HM514258A 
-12 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Read-Modify-Write Cycle Time 


tRWC 


170 


— 


180 


— 


220 


— 


255 


— 


295 


— 


ns 




RAS to WE Delay Time 


tRWD 


85 


— 


93 


— 


110 


— 


135 


— 


160 


— 


ns 


10 


CS to WE Delay Time 


tCWD 


45 


— 


45 


— 


55 


— 


65 


— 


70 


— 


ns 


10 


Column Address to WE Delay Time 


tAWD 


55 


— 


60 


— 


70 


— 


85 


— 


95 


— 


ns 


10 



Refresh Cycle 




























Parameter 


Symbol 


HM514258A 
-6 


HM514258A 
-7 


HM514258A 
-8 


HM514258A 
-10 


HM514258A 
-12 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




CS Setup Time 

(CS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CS Hold Time 

(CS Before RAS Refresh Cycle) 


tCHR 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CS Hold Time 


tZRH 


10 


— 


10 


— 


10 


— 


10 


— 


10 


— 


ns 
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Static Column Mode Cycle 



Parameter 


Symbol 


HM514258A 
-6 


HM514258A 
-7 


HM514258A 
-8 


HM514258A 
-10 


HM514258A 
-12 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Static Column Mode Cycle Time 


tsc 


35 


— 


40 


— 


45 


— 


55 


— 


60 


— 


ns 




Static Column Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


— 


100000 


— 


100000 


ns 




RAS to Second WE Delay Time 


tRSWD 


70 


— 


80 


— 


90 


— 


110 


— 


135 


— 


ns 




Static Column Mode CS Precharge Time 


tsi 


10 


— 


10 


— 


10 


— 


10 


— 


15 


— 


ns 




Static Column Mode WE Precharge Time 


twi 


10 


— 


10 


— 


10 


— 


10 


— 


15 


— 


ns 




Static Column Mode Read-Modify-Write Cycle and Mixed Cycle 


Parameter 


Symbol 


HM514258A 
-6 


HM514258A 
-7 


HM514258A 
-8 


HM514258A 
-10 


HM514258A 
-12 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Static Column Mode Cycle Time 
on Read-Modify-Write 


tSRW 


90 


- 


100 


- 


120 


- 


140 


- 


160 


- 


ns 


12 


Access Time from First WE 


tALW 


— 


65 


— 


75 


— 


85 


— 


100 


— 


115 


ns 


3,13 


Last WE to Column Address Delay Time 


tLWAD 


20 


35 


20 


40 


25 


45 


25 


50 


30 


60 


ns 


15 


Last WE to Column Address Hold Time 


tAHLW 


65 


— 


75 


— 


85 


— 


100 


— 


115 


- 


ns 





Notes: 



18. 



AC measurements assume tx - 5 ns. 

Assumes that tRCD ^ tRCD ( max ) anc * tRAD - *RAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2 TTL load and 100 pF. 
Assumes that tRCD ^ tRCD (max) and tRAD - *rad (max). 
Assumes that t R cD ^ t RC D ( max ) and *RAD ^ t RA D ( max )- 

toFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

Transition times are measured between Vjh and Vjl. 

Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tACS- 
Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 
twcs> tRWD» tcwD an d tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if t\ycs - twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD ^ tRWD (min), tcwD - tcWD (min) and tAWD - tAWD (min) the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indetermin ate. 

These parameters are referenced to CS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-write cycles. 

tSRW (min) = t A WD (min) + t LWA D (max) + t T 

Assumes that tLWAD ^ tLWAD (max). If tLWAD is greater than the maximum recommended value shown in this table, 
tALW exceeds the value shown. 
Assumes that tj_wAD - tLWAD (max). 

Operation with the tLWAD (max) limit insures that tALW (max) can be met, tLWAD (max) is specified as a reference point 
only, if tLWAD is greater than the specified tLWAD (max) limit, then access time is controlled exclusively by tAA- 
tAHR is defined as the time at which the column address hold is set. 

An initial pause of 100 juts is required after power-up followed by eight or more initialization cycles (any combinati on of 
cycles containing RAS clock such as RAS only refresh). If internal refresh counter is used, eight or more CS before RAS 
refresh cycles are required. 
In delayed write or read-modify-write cycles, OE must disable output buffers prior to applying data to the device. 
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I TIMING WAVEFORMS 
• Read Cycle 



l&S 



cs 



\ 



Address 



f^\ 



Row 



mum 



Dout 



- Wffih 



* m/////////h ~=~ y////////// / 



)%zm 



WZL 



Valid 
Output 



*OFF2 



m 



: Don't care 



Early Write Cycle 



~m 



cs 



Address 



\ 



toe 



\ z ± r ,t V_ 



*»AH i t A $W 



& 



- vmm ^ 



Din 7/ 




= y/////////m. 



twCR 



m mr*zzy/////////////, 



■> /m7777777, 



Dout 



High-Z*' 



UE : Don't care 
twcs^t W cs (min) 
Y//A > Don't care 
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• Delayed Write Cycle 



W$ 



cs 



twc 



Row 



^ yyt , 



t*8W 



1%. 



3< 



Column 



'////M//////M 



»• m% > 



t K 



Dout 



*■ J 



\_ 



M////////// 



/////////////A 



Valid 
Input 



tozo 



* V/////MM V////////// 



rV/4 '• Don't care 



• Read-Modify-Write Cycle 



Eff5 



~A 



Address 



a: 



\ 



Row 



* W/////f -::5? 



t S P 



tnWL 



fiv 



Column 



Din 7 



^^5- 



Dout 



iDZO 
toAC 



« 



*COH 










h-tooo 



_ t0FF2 



* WMZh~t V//////////, 



Don't care. 
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• RAS Only Refresh Cycle 



RfiS" 



v-a-^: 



cs 7 



w 



Address 



Dout 



3v 






''//////////////< 



W2£~2WMZMm 



High-Z 



OE, W E : Don't care 

Y//X ' Don't care 

Refresh address: A0-A8 (AX0-AX8) 



• CS Before RAS Refresh Cycle 



TK5 



CS 



t.CSR 




\±^H&^H\ 



/ 



Dout 



High-Z 



WE, O E : Don't care 
Y/A : Don't care 



' Static Column Mode Read Cycle 



KSS~ 



GS 



Address 



V 



tRASC 



i'^x 



.t«ca 

^ t*AD 



Row 



WE 



Dout 



OE 



w////////// 



Column 1 



x 



tACS 



\ 



mn\i 



Column2 



Valid . 
Output ' 



X 



tsRS 



^ 



Urn 



Column3 




w///////////, 



Valid . 
Output c 



toFF 




TL 



VMM 



J toAC 



toFF2 



: Don't care. 
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HM514258A Series 

• Static Column Mode Write Cycle (1) 



cs 

Address 
WE 



N: 



tASR 

.c 



ASR IRAH lASW l AH 



1 



a 



t»» 



jfP^k 



^m?rmyP i/////////////A 



toM t $ 



w//////» ^m^Sfm ^//////////// 



\^z===f 



Dout 



High-Z* 2 



1 • EZ3 : Don't care 

2. twcs ^ twcs(min) 

3. OE '■ Don't care 



' Static Column Mode Write Cycle (2) 



WS 



CS 



Address 



WE 



Din 



Dout 



\ 



t... *-— Hr < Th- 



ai ia* 'iSj-.^ss. ^ 



twcw 



mMa? 



*wcs 



^Mi 




tsp 



„ tsRS ^ 



\ 



mmmnm 






t ps ^ " t ot, w A os ,*»" t .Us [^oh. 



High-Z* 2 



1 . YZ21 • Do,vt care - 

2. twcs^twcs(mm) 

3 . OE *• Don't care. 
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HM514258A Series 



• Static Column Mode Read-Modify-Write Cycle 



TR5 



Cs 



\ 



Address 



~m\ 



%&&■ 



t ftAH * r 



WE 



Din 



Dout 



www 



Columnl 



mm 



m: 



m 7 




E 



tos 



tnWAD . 



san 



Column2 



twcs 



t0FF2 



AlW^. 



;®c 



tw> 



<2*s^ 



toN 



Column3 



; l Valid ' t 
\ Output/ 



t*A tos 



; r Valid J i 
\ Output r 



i- 



tcWL 



T 



l\ MMM 



©S 



tozoU |J ^4^" 2 t DZ0 **| wTi"' 

-H^F — ^Z^F — k 



K^Zl * Don't care. 
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HM514258A Series 



Supply Current (Active) vs 
Supply Voltage 




4.50 4.75 5.00 5.25 5.50 

Supply Voltage Vcc(V) 



Supply Current (Active) vs 
Ambient Temperature 



E 

I 



1.2 
1.1 


























I.U 










0.9 
0.8 



















20 40 60 80 

Ambient Temperature Ta (°C) 



Supply Current (Active) vs 
Frequency 



8 



5.0 

1 
05 

01 



































1 0.5 1 5.0 10 

Frequency f(MHz) 



Supply Current (Standby) vs 
Supply Voltage 



u 

1 



1 1 

CMOS interface 




































S^ 









4.50 4.75 5 00 5.25 5 50 

Supply Voltage Vcc(V) 



Supply Current (Standby) vs 
Supply Voltage 



S 1.4 



I U 



I ° 6 



n 


L interfac 


e 




























-^ 

















4.50 4.75 5 00 5 25 5.50 

Supply Voltage Vcc(V) 



Supply Current (Standby) vs 
Ambient Temperature 




Ambient Temperature Ta(°C) 
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HM514258A Series 



6 
o 



B 



§ 

4) 
.1 



P 



RAS Access Time vs 
Supply Voltage 



12 
1.1 
10 
09 
.0 8 
m 



















































Supply Voltage Vcc(V) 



CS Access Time vs 
Supply Voltage 



1 4 

1.2 
1 1 
1.0 
09 
0.8 



















































'4.50 4 75 5.00 5.25 5.50 

Supply Voltage Vcc(V) 
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B 



RAS Access Time vs 
Ambient Temperature 



I.J 
1.2 
1.1 
1.0 
0.9 
08 

07 



















































20 40 60 

Ambient Temperature Ta(°C) 

CS Access Time vs 
Ambient Temperature 





Ambient Temperature Ta(°C) 



E 



I 



Address Access Time vs 
Supply Voltage 



1.3 
12 
1 1 
1.0 


































09 










U.8 











'4.50 4.75 5.00 5.25 5.50 

Supply Voltage Vcc(V) 



8 
4j 



Address Access Time vs 
Ambient Temperature 



I.J 










1.1 

1.0 
0.9 
0.8 











































'0 20 40 60 

Ambient Temperature Ta(°C) 
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HM5 14266 Series 

262,144-Word x 4-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514266A is a CMOS dynamic RAM organized 262,144-word x 
4-bit. HM514266A has realized higher density, higher performance and various func- 
tions by employing 1 .3 jum CMOS process technology and some new CMOS circuit 
design technologies. The HM514266A offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514266A to be packaged in standard 
20-pin plastic DIP, 20-pin plastic SOJ and 20-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns/120 ns (max) 

• Low Power Dissipation 

Active Mode 495 mW/440 mW/363 mW/303 mW/259 mW (max) 

Standby Mode 11 mW (max) 

• Fast Page Mode Capability 

• 512 Refresh Cycles (8 ms) 

• 2 V ariatio ns of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

• Write per Bit Capability 

■ ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HM514266AP-6 


60 ns 




HM514266AP-7 


70 ns 


300 mil 20-pin 


HM514266AP-8 


80 ns 


Plastic DIP 


HM514266AP-10 


100 ns 


(DP-20NA) 


HM514266AP-12 


120 ns 




HM514266AJP-6 


60 ns 




HM514266AJP-7 


70 ns 


300 mil 20-pin 


HM514266AJP-8 


80 ns 


Plastic SOJ 


HM514266AJP-10 


100 ns 


(CP-20D) 


HM514266AJP-12 


120 ns 




HM514266AZP-6 


60 ns 




HM514266AZP-7 


70 ns 


400 mil 20-pin 


HM514266AZP-8 


80 ns 


Plastic ZIP 


HM514266AZP-10 


100 ns 


(ZP-20) 


HM514266AZP-12 


120 ns 





HM514266AP Series 




(DP-20NA) 



HM514266AJP Series 




(CP-20D) 



HM514266AZP Series 




(ZP-20) 



PIN DESCRIPTION 



Pin Name 


Function 


A -A 8 


Address Input 


Ao-A 8 


Refresh Address Input 


Wi/IOi- 
Wj/104 


Write Select/ 
Data-in/Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WB/WE 


Write Per Bit/Write Enable 


OE 


Output Enable 


Vcc 


Power Supply ( + 5.0V) 


v S s 


Ground 
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HM514266 Series 



PIN OUT 



HM514266AP Series 


W1/I01 [ 


"P^io* 


pvss 


W2/I02 [ 


2 19 


]W4/I04 


WB/WE [ 


3 18 


]W3/I03 


RAS [ 


4 17 


]CAS 


NC [ 


5 16 


]0E 


Ao [ 


6 15 


]A8 


Ai [ 


7 14 


]A7 


A 2 C 


8 13 


]A6 


A3 [ 


9 12 


]A5 


VccC 


10 11 


]A4 






0118-1 


(Top View) 



HM514266AJP Series 


•— Hitachi Pin No. — , 
I JEDECPinNo. | 


1/01 1 [ 


"V^lZs 


]20 Vss 


I/02 2[ 


2 25 


]19 1/04 


WE 3[ 


3 24 


]18 I/03 


RAS 4[ 


4 23 


]17 CAS 


NC 5[ 


5 22 


]16 OE 


Ao 6[ 


9 18 


]15 A8 


Ai 7[ 


10 17 


]14 A7 


A 2 8[ 


11 16 


]13 A6 


A 3 9[ 


12 15 


]12 A5 


Vcc10[ 


13 14 


]11 A4 




(Top View' 


0118-2 



HM514266AZP Series 






1 OE 


CAS 2 




3 i/03 


1/04 4 






1/01 6 




5 Vss 






7 I/02 


WE 8 




9 RAS 


NC 10 




11 A 


A1 12 




13A 2 


A3 14 




15Vcc 


A4 16 




17 A 5 


A6 18 




19A 7 


A8 20 






0118-3 


(Bottom View) 



BLOCK DIAGRAM 





RAS CAS WE OE 




Y Y Y Y 
















RAS Control CASO 


mtrol WE Control 


OE Control 






Circuit Ciro 


jit Circuit 


Circuit 






f 






W1/I01 W2/I02 W3/I03 W4/I 
II II 


M 




I I/O Buffer | | I/O Buffer 








I 1 




















^ 


'"U" 




lr 


<y 






co 


3 






3 


to 

3 










m 


55 m 






ffi m 


OQ 








CO 

i 

•z 


S) & I/O 


5 | 256k \ 

* ^ Memory = 


o co 
:> O 
E 2 

* 7 


256k 
Memory 


CO >- 


Q 

5 256k 

^ Memory 


CO 

1 

7 








Cell o 7 


g O Cell " 




Cell 


if 


O Cell 








Q. 

E 
< 


Array cl. 


5 o_. Array 


a. a. 
= E 
c < 


Array 


9- Array 


CL 

E 

< 






<D 


a 


Z Q- < 


» <D 




°- 7- 


a. 


<» 






CO 


E 


p E 


1 CO 




E £ 


E 


CO 






c 

0) 


< 


1 < ! 


= c 

o 




< 5 


< 


c 

CD 






CO 


S c 

CO 


3 g 

CO 


CO 




S3 



CO 


a> 

(0 

c 

CD 

CO 


CO 






— s 


Word Driver < 


> Word Driver 




Word Driver 


Y> 


Word Driver 






r—V 


Row Decoder 


Row Decoder 


Row Decoder 


Row Decoder 




Row / 


\ddress Buffer 




1 

Column Addn 


ass Buffer 








1*h 




^ 






Ao-As " 


0118-4 
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HM514266 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V§s 


v T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


*opr 


to + 70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low 


(I/O Pin) 


VlL 


-1.0 


— 


0.8 


V 


1 


Voltage 


(Others) 


VlL 


-2.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgg. 

• DC Electrical Characteristics (T A = to + 70°C, V C c = 5V ±10%, V S s = 0V) 



Parameter 


Symbol 


514266A-6 


514266A-7 


514266A-8 


514266A-10 


514266A-12 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


kci 


— 


90 


— 


80 


— 


66 


— 


55 


— 


47 


mA 


tRc = Min 


1,2 


Standby Current 


!CC2 


- 


2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH 
D out = High-Z 




- 


1 


- 


1 


- 


1 


- 


1 


- 


1 


mA 


CMOS Interface 

RAS, CAS > V C c - 0.2V, 

D out = High-Z 




RAS Only 
Refresh Current 


!CC3 


- 


90 


- 


80 


- 


66 


- 


55 


- 


47 


mA 


t RC = Min 


2 


Standby Current 


!CC5 


- 


5 


- 


5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH , 
CAS = V IL 
D ou t = Enable 


1 


CAS Before RAS 
Refresh Current 


!CC6 


- 


80 


- 


70 


- 


66 


- 


55 


- 


47 


mA 


t RC = Min 




Fast Page 
Mode Current 


!CC7 


- 


80 


- 


70 


- 


55 


- 


55 


- 


47 


mA 


tpc = Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


jaA 


0V < V in < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V out < 7V 
D out = Disable 




Output High 
Voltage 


V H 


2.4 


Vcc 


2.4 


v C c 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 


High I out = - 5 mA 




Output Low 
Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is 

2. Address can be changed less than three times while RAS 

3. Address can be changed once or less while CAS = Vjjj. 



selected, Ice max is specified at the output open condition. 
= V IL . 
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HM514266 Series 



• Capacitance (T A = 25°C, V cc = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


C12 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


Q/o 


— 


10 


pF 


1,2 



Notes: 



1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = V IH to disable D out . 



• AC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V)L n 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


514266A-6 


514266A-7 


514266A-8 


514266A-10 


514266A-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


120 


— 


130 


— 


160 


— 


190 


— 


220 


— 


ns 




RAS Precharge Time 


tRP 


50 


— 


50 


— 


70 


— 


80 


— 


90 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


20 


10000 


20 


10000 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


USR 





— 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


40 


20 


50 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


30 


15 


35 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


20 


— 


20 


— 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tcSH 


60 


— 


70 


— 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




OE to D in Delay Time 


tODD 


20 


— 


20 


— 


20 


— 


25 


— 


30 


— 


ns 




OE Delay Time from Di n 


*DZO 





— 





— 





— 





— 





— 


ns 




CAS Delay Time from D in 


tDZC 





— 





— 





— 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


8 


— 


8 


— 


8 


— 


8 


— 


8 


ms 




Read Cycle 


Parameter 


Symbol 


51426 


6A-6 


51426 


6A-7 


51426 


6A-8 


514266A-10 


514266A-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


— 


120 


ns 


2,3 


Access Time from CAS 


*CAC 


— 


20 


— 


20 


— 


25 


— 


25 


— 


30 


ns 


3,4 


Access Time from Address 


*AA 


— 


30 


— 


35 


— 


40 


— 


45 


— 


55 


ns 


3,5 


Access Time from OE 


tOAC 


— 


20 


— 


20 


— 


25 


— 


25 


— 


30 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


tRAL 


20 


— 


35 


— 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tOFFl 


— 


20 


— 


20 


— 


20 


— 


25 


— 


30 


ns 


6 


Output Buffer Turn-off to OE 


tOFF2 


— 


20 


— 


20 


— 


20 


— 


25 


— 


30 


ns 


6 


CAS to D in Delay Time 


tCDD 


20 


— 


20 


— 


20 


— 


25 


- 


30 


- 


ns 
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HM514266 Series 
Write Cycle 



Parameter 


Symbol 


514266A-6 


514266A-7 


514266A-8 


514266A-10 


514266A-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 





— 





— 


ns 


10 


Write Command Hold Time 


t\VCH 


15 


— 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


twp 


10 


— 


10 


— 


15 


r- 


15 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


20 


— 


25 


— 


25 


— 


30 


— 


ns 




Write Command to CAS Lead Time 


*CWL 


20 


— 


20 


— 


25 


— 


25 


— 


30 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


15 


— 


20 


— 


20 


— 


25 


— 


ns 


11 


Read-Modify-Write Cycle 


Parameter 


Symbol 


514266A-6 


514266A-7 


514266A-8 


514266A-10 


514266A-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Read- Write Cycle Time 


tRWC 


170 


— 


180 


— 


220 


— 


255 


— 


295 


— 


ns 




RAS to WE Delay Time 


tRWD 


85 


— 


95 


— 


110 


— 


135 


— 


160 


— 


ns 


10 


CAS to WE Delay Time 


*CWD 


45 


— 


45 


— 


55 


— 


60 1 


— 


70 


— 


ns 


10 


Column Address to WE Delay Time 


tAWD 


55 


— 


60 


— 


70 


— 


80 


— 


95 


— 


ns 


10 


OE Hold Time from WE 


tOEH 


20 


— 


20 


— 


25 


— 


25 


— 


30 


— 


ns 




Refresh Cycle 


Parameter 


Symbol - 


514266A-6 


514266A-7 


514266A-8 


514266A-10 


514266A-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Fast Page Mode Cycle 


Parameter 


Symbo 


514266A-6 


514266A-7 


514266A-8 


514266A-10 


514266A-12 


Unit 


Note 


l 

Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


45 


— 


50 


— 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Tim 


e t CP 


10 


— 


10 


— 


10 


— 


10 


— 


15 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


10000C 


— 


10000C 


— 


100000 


— 


100000 


— 


100000 


ns 


12 


Access Time from CAS Precharge 


*acp 


_ 


40 


— 


45 


— 


50 


— 


50 


— 


60 


ns 


13 


RAS Hold Time from CAS Precharg 


5 tRHCP 


40 


— 


45 


— 


50 


— 


50 


— 


60 


— 


ns 




Fast Page Mode Read- Write 
Cycle Time 


tpCM 


95 


- 


100 


- 


110 


- 


115 


- 


135 


- 


ns 




Write Per Bitds, 16) 


Parameter 




514266A-6 


514266A-7 


514266A-8 


514266A-10 


514266A-12 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Write per Bit Setup Time 


tWBS 





— 





— 





— 





— 





— 


ns 




Write per Bit Hold Time 


tWBH 


10 


— 


10 


— 


12 


— 


15 


— 


15 


— 


ns 




Write per Bit Selection Setup time 


tWDS 





— 





— 





— 





— 





— 


ns 




Write per Bit Selection Hold Time 


tWDH 


10 


— 


10 


— 


12 


— 


15 


— 


15 


— 


ns 
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HM514266 Series 



Notes: 1. AC measurements assume tj = 5 ns. 

2. Assumes that tRCD ^ tRCD (max) and tRAD - ^RAD (max). If tRCD or tRAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that t RC D ^ t RC D (max) and t R AD ^ tRAD (max). 

5. Assumes that tRCD ^ tRCD (max) and tRAD - tRAD (max). 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vih an d ^il- 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. t\ycs> tRWD> tcwD an d tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs ^ twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD ^ tRWD (min), tcwD ^ tcWD (min), and tAWD ^ tAWD (min), the 
cycle is a read-write and the data output will contain data read from the selected cell; if neither of the above sets of condi- 
tions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WB/WE leading edge in delayed write or 
read-modify-write cycles. 

12. tRASC defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP- 

14. An initial pause of 100 jas is required after power up followed by a minimum of eight initialization cycles (any combin ation 
of cycles containing RAS clock such as RAS only refresh). If the internal refresh counter is used, a minimum of eight CAS 
before RAS refresh cycles are required. 

15. When using the write-per-bit capability, WB/WE must be low as RAS falls. 

16. The data bits to which the write operation is applied can be specified by keeping Wi/IOi high with setup and hold time 
referenced to the RAS negative transition. 
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HM514266 Series 



■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS 



v 



tASR 



Address 



s< 



tRC 



tRAS 



*RCP 



tRAD 



\ 



tRAH ! ASC 



tRSH 



^ tpAS 



tcSH 



tRAL 



/ 



e:®s»<^^ 



ws.wi y///////////// 



Jncs.. 



W1/I01 



W4/I04 



OE 



Dout' 



Hi-Z 



tRAC 



Din 



///////////> 



tDZC 



X ^ »\ 



tCRP 



tCAH 



« tcAC » 



tAA 



tOAC 



Hi-Z 



tpzo 



y///////////////////A, //////////////, 



< 



~7aW 
Output 



Irch. 



*i55il^ 



tOFFl 

3- 



,! ^ 



tOFF2 



tCDD 



tODD 



< '///////// 



v 



&&•■ 



Don't care 
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HM514266 Series 



• Early Write Cycle 



RAS 



CAS 



Address 



WB/WE 



\ 



*ASR 



tRC 



tRAS 



tcSH 



z^z^z 



tRCD 



\ 



tRAH 



Row 



tWBS 

-* — »> 



tASC 

— »> 



J^ 



tRSH ^ 



tCAS 



y 



tCRP 



\ 



Column 



tWBH 



tWDS 

^ — ^« 



ItWD 



)^. 



< twcs > 



IDS 



\ *7Z7Z?7X 



tCAH 
twCH 



tDH 



///////////A 



W4/l04l Dout btZ 

* OE : Donl care 
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HM514266 Series 



• Delayed Write Cycle 



RAS 



CAS 



\ 



t/VSR 



Address 



H 



tRC 



Jras 



JCSH 



JtaL 



tASC 



\ 



tRAH 



Row 



tWBS 



YX 



tRSH 



tCAS 



tCAH 



tWBH 



tcWL 



tRW. 



/ 



,-'p^j\ 



tCRP 



v 



^r~ w/////////////////A 



« « yc~ W77-/////////^r~Y//////////////. 



tWDS 



W4/I04 



tWDH 



W1/.OlfDin ><e3<2> 
tzo 
*Dout 



tDZC 

^ ^ 



tDS 



OE '////////MM/// 



tODD 



<2> 



twp 



tDH 



^^x^^^^ 



♦isSL* 



V//////////////A 



1 Invalid output 
Y///X : Donl care 
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HM514266 Series 



• Read-Modify-Write Cycle 



RAS 



CAS 



\ 



tASR 



Address 



tRWC 



\- 



^ tRCD 






X 



tRAD 



tRAH t A SC 



Row 



tWBS 



WB.WE 



>®< 



tRCS 



twBH 



tWDS 



W1/I01 

s 

W4/I04 



y& 



tRWD 



tRAC 



^ tCAH 



x 



-Z=rW//////»/ > <77777777. 



^ tcWD > 



tAWD 



tWDH 



Din 2^S><2^ 



Dout 



*DZC. 



^JCAC ^S^. 



Hi-Z 



tOAC 



tDZO 

^ >» 



r E '////////////A . X 



tAA 



y*^///////////, 



tcWL 



T RWL 



^ X DH 



tOFF2 



^ODD 



^GS^^^ 



tOEH 




•^ 



Don't care 




HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-181 9 • (415) 589-8300 



81 



HM514266 Series 



• RAS Only Refresh Cycle 



RAS 



x 



tCRP 



CAS W 

tASR 



tRC 



tRAS 



¥7~\ 

^ tRP ^ 



^ Li: ^. 



tRPC 




X2 



tRAH 



Hh2 



Dout 



1 OE.WE .Don't care 

2 Y////\ : Don't care 



• CAS Before RAS Refresh Cycle 
















„ tRC 






« t RA S 






^ 


_ _/ 

RAS 

tRPC 




X 




>s 


< tRp 


\ 






< tcsR » 


« ,CHR » 




tRPC 






i r""~ 










^ 




CAS ^ 


\ ? 


x^xx> 








Address, Din, WE : Don't care 
Dout: High-Z 

0118-10 
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HM514266 Series 



• Fast Page Mode Read Cycle 



RAS 



\ 



CAS 



tASR 



tRASC 



tCSH 



/5v 



tRCD 



tRAH 



tRAD, 



tASC^ 



tCAS 

< »» 



tCAH 



wiwi '/////////, 



tRCS 



W1/I01 



W4/I04 



*7fflZ> 



Dout 



OE 



tpzc. 



tpc 



Jcp 



oinna 

tRAL 



tASC 



IRCS toes I 



IRCS 



w 



tCDCL 



tODD^, 
tCAC 



,Jaa 



tRAC 



Hi-Z 



H^H 



tCAS 



tcp 



tCAH 




tozo , f ! DZO. 



tRHCP 



tASC 



^Cli, 



tozc 

tCDD^ 



tAA fc 



£ac 



tACP 



tOFFl 



tOFF! 



tRCS 



W 



Hi-Z 



tOAC, 



V 



tRSH 



tCAS 



tCAH 



tCRP 



tozc 



tCAC 

M — ► 



t/ 



tACP 



^ 



Hi-Z 



JODD 
tOFF2 



MZZkU 1 



tRCH 



H tRRH 
H tCDD 



tODD 



< 



Valid 
Output 



tQAC 



tOFFl 



> 



tOFF2 



* Y////X : Don't care 
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HM514266 Series 



• Fast Page Mode Early Write Cycle 



RAS 



CAS 



Address 



K 



M 



tASR 



tRASC 



tcSH 



tRCD 



tRAH t AS C 



Row 



tWBS 



WB.WE 



2A 



mi 



tCAS 



. ^ tpc 



n 



tcp ^ 



tCAH tASC 



Col. 



tWDS* 



W4/I04 



tWBH JWCS J 




tCAS 



M — vr — N ^'' 

ICAH tcAH 

* » -*■ 1"*- » -*■ — r*~ 




JWDHi ^ tps^ 



twCH twcs 



<ml 






Jos, 



tASC**" 



tRSH^I ^tRP^ 
tCAS 



Sf®C53^^ 



twcs 



tWCH 



iBL 



,^. 



tDS 
« — >■ 



tWCH 






W1/I01m in >qSy>^ fi" input y ^ palid Input j gjj ffialM Input^^^/^ 
,Dout 



Hi-Z 



* OE : Don't care 



: Don't care 
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HM514266 Series 



• Fast Page Mode Read-Modify-Write Cycle 



RAS 



CAS 



tASR 



Address 



tRP 



tRASC 



r\ 



tRAD 



tRAH ' 




Row 
twBH~ 



tWBS 



WB/WE 



tASC 



xz 



tvVDS 



W1/I01 



W4/I04 



Dout 



Din 



tRCS 



tCAH 



tpCM 



o 

tACP 



tASCH 



I tAWD I II tAWD 

I Ua tcWL iom ** •cm- 



w 



4* 



tDZC 
tWDH 



tRAC 



tCAC 



tOAC 



Hl-Z 



tDZO 

*+. >- 



OE 7 



777Z7777A. . / 



tcWD 



<x 



< Valid ^k 
Output; f 



t0FF2 

— ► 



tRWD 

* twp 

tDS ^^ 



tRCS 



tDH tDZC 



Valid 
Input 



tOEH 



tcp 



tCAC 
■< ► 



tpzo 

tOAC 

■* »> 



tODD 



V L Output : 



l CAH 



tDS 



tOFF2 

in 



^> / 



> 



tDH 



twp 



\ S7777777, 



wMm 



tOEH , 
«* -»H 



Hl-Z 



tDZO 



tODD 



VK 



v///A : Don't c 
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HM511000A Series 

HM511000AL Series 

1048576-Word x 1-Bit CMOS Dynamic RAM 

■ DESCRIPTION 

The Hitachi HM511000A/AL series is a CMOS dynamic RAM organized 
1048576-word x 1-bit. HM511000A/AL has realized higher density, higher perform- 
ance and various functions by employing 1 .3 /Am CMOS process technology and 
some new CMOS circuit design technologies. 

The HM511000A/AL offers Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM511000A/AL to be packaged in stan- 
dard 18-pin plastic DIP, 20-pin plastic ZIP and 20-pin plastic SOJ. 

■ FEATURES 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns/120 ns (max) 

• Low Power Dissipation 

Active Mode 495 mW/440 mW/385 mW/330 mW/275 mW (max) 

Standby Mode 11 mW (max) 

• Single 5V Supply (±10%) 

• Fast Page Mode Capability 

• 512 Refresh Cycles (8 ms) 

• 2 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

■ PIN OUT 



HM5 1 1000A/ALP Series HM5 1 1000A/ALJP Series 

fHitachi Pin No. 
JEDEC Pin No. 




(Top View) 



(Top View) 



HM511000A/ALZP 
Series 



1 A9 
3 Dout 
5 Din 
7RAS 
9TF" 
11 A0 
13 A2 
15 Vcc 
17 A5 
19 A7 



(Bottom View) 



CAS 2 




Vss 4 




WE 6 




NC 8 




NC 10 




Al 12 




A3 14 




A4 16 




A6 18 




A8 20 





HM511000A/ALP Series 




(DP-18C) 



HM511000A/ALJP Series 




(CP-20D) 



HM511000A/ALZP Series 




(ZP-20) 



PIN DESCRIPTION 



Pin Name 


Function 


A -A 9 


Address Input 


A -A 8 


Refresh Address Input 


D in 


Data-in 


D ut 


Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Input 


TFl 


Test Function 


v C c 


Power ( + 5V) 


v S s 


Ground 



Note: 1. TF pin can be connected with 
any line or unconnected pro- 
vided the voltage level of TF 
pin must be kept lower than 
V C c + 0.5V. 
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HM511000A Series 



ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HM511000AP-6 


60 ns 




HM511000AP-7 


70 ns 


300 mil 18-pin 


HM511000AP-8 


80 ns 


Plastic DIP 


HM511000AP-10 


100 ns 


(DP-18C) 


HM511000AP-12 


120 ns 




HM511000AJP-6 


60 ns 




HM511000AJP-7 


70 ns 


300 mil 20-pin 


HM511000AJP-8 


80 ns 


Plastic SOJ 


HM511000AJP-10 


100 ns 


(CP-20D) 


HM511000AJP-12 


120 ns 




HM511000AZP-6 


60 ns 




HM511000AZP-7 


70 ns 


400 mil 20-pin 


HM511000AZP-8 


80 ns 


Plastic ZIP 


HM511000AZP-10 


100 ns 


(ZP-20) 


HM511000AZP-12 


120 ns 





Part No. 


Access Time 


Package 


HM511000ALP-6 


60 ns 




HM511000ALP-7 


70 ns 


300 mil 18-pin 


HM511000ALP-8 


80 ns 


Plastic DIP 


HM511000ALP-10 


100 ns 


(DP-18C) 


HM511000ALP-12 


120 ns 




HM511000ALJP-6 


60 ns 




HM511000ALJP-7 


70 ns 


300 mil 20-pin 


HM511000ALJP-8 


80 ns 


Plastic SOJ 


HM511000ALJP-10 


100 ns 


(CP-20D) 


HM511000ALJP-12 


120 ns 




HM511000ALZP-6 


60 ns 




HM511000ALZP-7 


70 ns 


400 mil 20-pin 


HM511000ALZP-8 


80 ns 


Plastic ZIP 


HM511000ALZP-10 


100 ns 


(ZP-20) 


HM511000ALZP-12 


120 ns 





BLOCK DIAGRAM 



RAT 



RAS Control 
Circuit 



CAS 



CIS Control 
Circuit 



WE 



WE Control 
Circuit 



I/O 
Buffer 



-Din 
-Dout 



£4 



256k 
Memory 
Cell 
Array 



Word Driver 
nA Row Decoder 



7T 



256k 
Memory 
Cell 
Array 



Word Driver 



Row Decoder 



256k 
Memory 
Cell 
Array 



Word Driver 



Row Decoder 



<> 



Row Address Buffer 



T 



256k 
Memory 
Cell 
Array 



Word Driver 



Row Decoder 



Column Address Buffer 



JT 



"1 AO— A9 r 
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HM511000A Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vgs 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§s 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


Topr 


Oto +70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


Input Low Voltage 


Vil 


-2.0 


— 


0.8 


V 



Note: All voltages referenced to Vss- 

• DC Electrical Characteristics (V C c = 5V ±10%, V S s = 0V, T A = to +70°C) 



Parameter 


Symbol 


HM511000A 
/AL-6 


HM511000A 

/AL-7 


HM5 11000 
/A-8 


HM5 11000 
/A-10 


HM5 11000 
/A-12 


Unit 


Test Conditions 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating 
Current 


!cci 


- 


90 


- 


80 


- 


70 


- 


60 


- 


50 


mA 


RAS, CAS Cycling, 
t R c = Min 


1,2 




J CC2 


- 


2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH , 

D out = High-Z 




Standby 
Current 


- 


1 


- 


« 


- 


1 


- 


1 


- 


1 


mA 


CMOS Interface 
RAS, CAS 
> V CC - 0.2V 
D out = High-Z 






- 


300 


- 


300 


- 


300 


- 


300 


- 


300 


juA 


CMOS Interface 
L-Version 




Refresh Current 


ICC3 


- 


90 


- 


80 


- 


60 


- 


50 


- 


45 


mA 


RAS Only Refresh, 
tRC = Min 


2 


Battery Back Up 
Current (Only 
for L- Version) 


!CC4 


- 


300 


- 


300 


- 


300 


- 


300 


- 


300 


julA 


t RC = 125 }is, 
CAS Before RAS 
Cycling 


4 


Standby 
Current 


!CC5 


- 


5 


- 


5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH , 
CAS = V IL , 

D out — Enable 


1 


Refresh 
Current 


ICC6 


- 


80 


- 


70 


- 


60 


- 


50 


- 


40 


mA 


CAS Before RAS 

Refresh 

t R c = Min 




Fast Page 
Mode Current 


!CC7 


- 


80 


- 


70 


- 


50 


- 


50 


- 


40 


mA 


RAS = V IL , 
CAS Cycling, 
tpc = Min 


1,3 



88 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM511000A Series 



• DC Electrical Characteristics (V C c = 5V ±10%, V S s = 0V, T A = to +70°C) (continued) 



Parameter 


Symbol 


HM511000A 
/AL-6 


HM511000A 

/AL-7 


HM5 11000 
/A-8 


HM5 11000 
/A-10 


HM5 11000 
/A-12 


Unit 


Test Conditions 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Input 
Leakage 


IL1 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


jiiA 


V in = Oto +7V 




Output 
Leakage 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 


V out = 0to+7V, 
D out = Disable 




Output 


VOH 


2.4 


v C c 


2.4 


Vcc 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


W = — 5 mA 




Levels 


Vol 





0.4 





0.4 





0.4 





0.4 





0.4 


V 


W = 4.2 mA 





Notes: 1. Ice depends on output loading condition when the device is selected. Ice max * s specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vjl- 

3. Address can be changed once while CAS = Vm- 

4. t RAS = t RA s (min) to 1 ps 

Input voltage: All pins: V IH > V cc - 0.2V or V IL < 0.2V. 

• Capacitance (V C c = 5V ±10%, T A = 25°C) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance 


Address, Data Input 


Cn 


— 


5 


pF 


1 


Clocks 


C12 


— 


7 


pF 


1 


Output Capacitance 


Data Output 


Co 


— 


7 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 




• AC Characteristics (T A 
Test Conditions 



to +70°C, V S s = 0V, V cc = 5V ±10%) 



Input rise and fall times: 5 ns 

Input timing reference levels: 0.8V, 2.4V (Including scope and jig) 

Output load: 2 TTL Gate + C L (100 pF) 



Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 














Parameter 


Symbol 


HM511000A 
/AL-6 


HM511000A 

/AL-7 


HM511000A 
/AL-8 


HM511000A 
/AL-10 


HM511000A 
/AL-12 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Random Read or Write 
Cycle Time 


tRC 


120 


- 


130 


- 


160 


- 


190 


- 


220 


- 


ns 




RAS Precharge Time 


tRP 


50 


— 


50 


— 


70 


— 


80 


— 


90 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


*CAS 


20 


10000 


20 


10000 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


*RCD 


20 


40 


20 


50 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address 
Delay Time 


tRAD 


15 


30 


15 


35 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


20 


— 


20 


— 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tCSH 


60 


— 


70 


— 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


8 


— 


8 


— 


8 


— 


8 


— 


8 


ms 




Refresh Period 
(Only for L- Version) 


tREF 


- 


64 


- 


64 


- 


64 


- 


64 


- 


64 


ms 
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HM511000A Series 
Read Cycle 



Parameter 


Symbol 


HM511000A 
/AL-6 


HM511000A 

/AL-7 


HM511000A 
/AL-8 


HM511000A 
/AL-10 


HM511000A 
/AL-12 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


— 


120 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


20 


— 


20 


— 


25 


— 


25 


— 


30 


ns 


3,4 


Access Time from Address 


*AA 


— 


30 


— 


35 


— 


40 


— 


45 


— 


55 


ns 


3,5 


Read Command Setup Time 


tRCS 





— 





— 





— 





— 





— 


ns 




Read Command Hold 
Time to CAS 


tRCH 





- 





- 





- 





- 





- 


ns 




Read Command Hold 
Time to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 


10 


Column Address to 
RAS Lead Time 


tRAL 


30 


- 


35 


- 


40 


- 


45 


- 


55 


- 


ns 




Output Buffer Turn-off Time 


tOFF 


— 


20 


— 


20 


— 


20 


— 


25 


— 


30 


ns 


6 



Write Cycle 



Parameter 


Symbol 


HM511000A 
/AL-6 


HM511000A 

/AL-7 


HM511000A 
/AL-8 


HM511000A 
/AL-10 


HM511000A 
/AL-12 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Write Command Setup Time 


twcs 





— 





— 





— 





— 





— 


ns 


10 


Write Command Hold Time 


*WCH 


15 


— 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


twp 


10 


— 


10 


— 


15 


— 


15 


— 


20 


— 


ns 




Write Command to 
RAS Lead Time 


tRWL 


20 


- 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




Write Command to 
CAS Lead Time 


tCWL 


20 


- 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 





— 





— 


ns 


11 


Data-in Hold Time 


tDH 


15 


— 


15 


— 


20 


— 


20 


— 


25 


- 


ns 


11 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM511000A 
/AL-6 


HM511000A 

/AL-7 


HM511000A 
/AL-8 


HM511000A 
/AL-10 


HM511000A 
/AL-12 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Read- Write Cycle Time 


tRWC 


145 


— 


155 


— 


190 


— 


220 


— 


255 


— 


ns 




RAS to WE Delay Time 


tRWD 


60 


— 


70 


— 


80 


— 


100 


— 


120 


— 


ns 


10 


CAS to WE Delay Time 


tCWD 


20 


— 


20 


— 


25 


— 


25 


— 


30 


— 


ns 


10 


Column Address to 
WE Delay Time 


*AWD 


30 


- 


35 


- 


40 


- 


45 


- 


55 


- 


ns 


10 



Refresh Cycle 




























Parameter 


Symbol 


HM511000A 
/AL-6 


HM511000A 

/AL-7 


HM511000A 
/AL-8 


HM511000A 
/AL-10 


HM511000A 
/AL-12 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




CAS Setup Time 

(CAS Before RAS Refresh) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh) 


tCHR 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS 
Hold Time 


tRPC 


10 


- 


10 


- 


10 


- 





- 





- 


ns 
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HM511000A Series 



Fast Page Mode Cycle 



Parameter 




Symbol 


HM511000A 
/AL-6 


HM511000A 
/AL-7 


HM511000A 
/AL-8 


HM511000A 
/AL-10 


HM511000A 
/AL-12 


Unit 


Note 






Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Fast Page Mode Cycle Time 


tpc 


45 


— 


50 


— 


55 


— 


55 


— 


65 


— 


ns 




CAS Precharge Time 


tcp 


10 


— 


10 


— 


10 


— 


10 


— 


15 


— 


ns 




Fast Page Mode RAS 
Pulse Width 


tRASC 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


ns 


13 


Access Time from 
CAS Precharge 


*ACP 


- 


40 


- 


45 


- 


50 


- 


50 


- 


60 


ns 


14 


RAS Hold Time 
from CAS Precharge 


tRHCP 


40 


- 


45 


- 


50 


- 


50 


- 


60 


- 


ns 




Fast Page Mode Read-Modify-Write Cycle 


Parameter 


Symbol 


HM511000A 
/AL-6 


HM511000A 

/AL-7 


HM511000A 
/AL-8 


HM511000A 
/AL-10 


HM511000A 
/AL-12 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Fast Page Mode Read- 
Modify-Write Cycle Time 


tpCM 


70 


- 


75 


- 


85 


- 


85 


- 


100 


- 


ns 





Notes: 



AC measurements assume tx = 5 ns. 

2. Assumes that tRCD ^ *rcd (max) and tRAD ^ tRAD (max). If tRco or *RAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that t RC D ^ t RC D (max), t RA D ^ t RAD (max). 

5. Assumes that tRCD ^ *rcd ( max )> an ^ tRAD 2s tRAD (max). 

6- tQFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. Transition times are measured between Vm and Vjl. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD i s greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. twcs> tRWD> tcwD an d tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if t\ycs - twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD - tRWD (min), tcwD - tcwD (min) and tAWD - tAWD (min), the 
cycle is a read/write and the data output will contain data read from the selected cell; if neither of the above sets of condi- 
tions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-write cycles. 

12. An initial pause of 100 juts is required after power-up followed by eight or more initialization cycles (any combinati on of 
cycles containing RAS clock such as RAS only refresh). If internal refresh counter is used, eight or more CAS before RAS 
refresh cycles are required. 

13. tRASC i s determined by RAS pulse width in fast page mode cycle. 

14. Access time is determined by the longer of tAA> tcAC or tACP- 
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HM511000A Series 

■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS 



Address 



\ 



t*c 



\ 



m 7 



nmm 



Dout 



w^fflnnnnnnnm 






tnsH 



■/^\ 



ICAC 



:wmm 



? l Valid \ 

>i r Output , £ 



3 : Don't care 



• Early Write Cycle 



RAS 



\ 



CAS 



Address 



**c 



t*CD 



jA==^\ 



\ 



tlUM tASC 



w^w r^-^^////////////////, 



WE 7 



7///////A 



Din 



77777m . 



Ids _ I 



/////////////////, 



Valid Input 



wnmnmmnL. 



Dout 



High-Z 



Notes) *1.EZ3 : Don't care 
+ 2.t W csZtwcs(min) 
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HM511000A Series 



• Delayed Write Cycle 



RAS 



CAS 



\ 



N 



RAH I ASC 



WE 7 



Ircs 

'IIM/F 



Colui 



■A~^\ 



'J* 



ymnmnnnnnm 



\ ^H//////////////, 



- '////////////fr d-r d///////////////, 



u. 



Y//X I Don't care. 



Read-Modify-Write Cycle 



RAS 



CAS 



Address 



\ 



v 



1VE 



777777777J 



Column 



'mnnrn mrnimwi 



- iiiiiiiiiiiiiiiiiK nsr uiiiiiiiiii. 



f^-\ 



\±mmmiL 



< 



Valid 
Output 



> 



{223 •' Don't care 
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HM511000A Series 

• RAS Only Refresh Cycle 



'stziz-p- 



" //////// / 



¥ 



K 



fy/////////// 



wr m. - w///////////////. 



High-Z 



fc^l : Don't care 



• CAS Before RAS Refresh Cycle 



RAS 



f«»c 



CAS 



X, 



tcSR 



tltC 



tcHR 



tRPC 




s ^- JS -, /CJZ2 \ '- j HS2\ 



/* 



tcRP 



Address 



W//////////////////////W////////////, 



Dout ■ 



High-Z 



'. Don't care 



• Fast Page Mode Read Cycle 



S 



\zi 



te* r 



A 



^mc 



HCH I (ACS 



:s; 



; fef 



\ 



¥ 



j" Valid \ ;' Valid \ / Valid \ 

^ c Output 1 . ( \ t Output 2 , f ^ Output N j r 



J22lj 

WZMMMM 



mm 



£53 : Don't c 
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HM511000A Series 



• Fast Page Mode Write Cycle 



i/F 



\ 



m^JM. 



W////////////A 



m: 



V 

'CAS 



V77777A 



VMM 



wxr=r y///////////////////. 



JIIIIIIIIIIIIIIII, 



■jr^ymHzrmrgr iiiiiiiiiiiiiiii)))), 



High-Z** 



Notes) *1.£22) : Don't care 
*2. /n-cs^'wcsdnin) 



• Fast Page Mode Read Modify Write Cycle 



\ 



\ F^\ / \ 



WE 



mnm wz 



m: 



Column 1 



W 



Column 2 



WM. 



>arf 



w/////////////x ^mrnjsmrms ^inniiin/ii 



,/£=* 



/ 



Column I 



IfflfflMm 



'S r^lWIIIIIIII, 



\JCAC_ 



J Valid i ? Valid V / ' Valid \ 

y Output 1 I \ Output 2 f \ Output N ( 



'• Don't care 

0115-13 
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HM511000A Series 



Supply Current (Active) 
vs Supply Voltage 





1.2 
1.1 
1.0 
0.9 
0.8 
n 7 










1 

o 
Z 








^ 










5 










u 

>> 
"S 
a 

3 


^ 



















4.50 4.75 5.00 5.25 

Supply Voltage Vcc (V) 



5.50 





1.3 


Supply Current (Active) 
vs Ambient Temperature 


1 
I 

z 


1.2 

1.1 


















1 












d 
>> 

i 

en 


0.9 
0.8 












0.7 











20 40 60 80 

Ambient Temperature Ta CO 



Supply Current (Active) 
vs Frequency 



5.0 

1.0 
0.5 

n 1 



































0.1 0.5 1.0 

Frequency / (MHz) 



5.0 10.0 



Supply Current (Standby) 
vs Supply Voltage 



& 1.2 

z 

•8 1-1 

1 " 

o 

£ 0.9 

I 

5 0.8 



0.7 



CMOS in 


:erface 















































4.50 4.75 5.00 5.25 

Supply Voltage Vcc (V) 



5.50 



Supply Current (Standby) 
vs Supply Voltage 



1.6 



8 

£ 0.8 



TTL inter 


face 






























-^ 

















4.50 4.75 5.00 5.25 

Supply Voltage Vcc (V) 



5.50 



Supply Current (Standby) 
vs Ambient Temperature 




20 40 60 

Ambient Temperature Ta CO 
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HM511000A Series 



1.3 
| 1.2 

i 

i 1.1 

« 1.0 

E 

II 0.8 
0.7 



RAS Access Time 
vs Supply Voltage 



4.50 4.75 5.00 5.25 

Supply Voltage Vcc (V) 



1.3 
1.2 
1.1 
1.0 
0.9 
0.8 
0.7 



RAS Access Time 
vs Ambient Temperature 



20 40 60 80 

Ambient Temperature Ta CO 



1.3 



S 1.1 
z 

S 1.0 

1 

< 

fi 0.8 



0.7. 



CAS Access Time 
vs Supply Voltage 



'4.50 4.75 5.00 5.25 5.50 

Supply Voltage Vcc (V) 



CS Access Time 
vs Ambient Temperature 




20 40 60 80 

Ambient Temperature Ta CO 



] 1.2 

13 
E 

I " 

1 10 

I 0.9 

< 

I 

3 0.8 

< 

07 



Address Access Time 
vs Supply Voltage 











Ss 
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Address Access Time 
vs Ambient Temperature 
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Ambient Temperature Ta CO 
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HM511001A Series 

1,048,576-Word x 1-Bit CMOS Dynamic RAM 

■ DESCRIPTION 

The Hitachi HM511001A series is a CMOS dynamic RAM organized 1,048,576- 
word x 1-bit. HM511001A has realized higher density, higher performance and vari- 
ous functions by employing 1.3 ju,m CMOS process technology and some new 
CMOS circuit design technologies. 

The HM511001A offers Nibble Mode as a high speed access mode. 

Multiplexed address input permits the HM511001A to be packaged in standard, 
18-pin plastic DIP, 20-pin plastic ZIP and 20-pin plastic SOJ. 

■ FEATURES 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns/120 ns (max) 

• Low Power 

Active 495 mW/440 mW/385 mW/330 mW/275 mW 

Standby 1 1 mW 

• Single 5V Supply (±10%) 

• Nibble Mode Capability 

• 51 2 Refresh Cycles (8 ms) 

• 2 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

■ PIN OUT 



HM5 1 1001 AP Series 


Dm [7 




15] v« 


we [7 




IT] Dout 


ras[t 




16] CAS 


TF *i[7 




15) A9 


ao(T 




14JA8 


Al[6 




13}A7 


A2[T 




T|jA6 


A3 (7 




u]A5 


Vcc (7 




HJ]A4 






0116-1 


(Top View) 



HM5 1 1001 AJP Series 


r Hitachi Pin No.] 


J 


ED EC Pin Nc 


>. 


Dm [T 


1 26 


io\ Vss 


WE [£ 


2 25 


19] Dout 


RAS \T 


3 24 


18] CAS 


TF*' [T 


4 23 


ID NC 


NC (T 


5 22 


1?| A9 


A0 [T 


9 18 


H) A8 


Al [7 


10 17 


77) A7 


A2 [T 


11 16 


TFj A6 


A3 gr 


12 15 


"u] A5 


Vcc [JO 


13 14 


ID A4 






0116-2 


(Top View) 



HM5 1 1001 AZP Series 



CAS 2 




Vss 4 




WE 6 




NC 8 




NC 10 




Al 12 




A3 14 




A4 16 




A6 18 




A8 20 





1 A9 
3 Dout 
5 Din 
7 RAS 
9TF ., 

11 A0 
13 A2 
15 V cc 
17 A5 
19 A7 



(Bottom View) 



HM5 1 1001 AP Series 




(DP-18C) 



HM5 11001 AJP Series 




(CP-20D) 



HM5 11001 AZP Series 




(ZP-20) 



PIN DESCRIPTION 



Pin Name 


Function 


A0-A9 


Address Input 


A -A 8 


Refresh Address Input 


A 9 


Nibble Address Input 


D in 


Data Input 


D out 


Data Output 


RAS 


Row Address Strobe 


CAS 


Row Address Input 


WE 


Read/Write Input 


TF*1 


Test Function 


Vcc 


Power ( + 5V) 


Vss 


Ground 



Note: *1. TF pin can be connected with 
any line or unconnected pro- 
vided the voltage level of TF 
pin must be kept lower than 
V C c + 0.5V. 
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HM511001A Series 



H ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HM511001AP-6 

HM511001AP-7 

HM511001AP-8 

HM511001AP-10 

HM511001AP-12 


60 ns 
70 ns 
80 ns 
100 ns 
120 ns 


300 mil 
18-pin 
Plastic DIP 
(DP-18C) 


HM511001AJP-6 

HM511001AJP-7 

HM511001AJP-8 

HM511001AJP-10 

HM511001AJP-12 


60 ns 
70 ns 
80 ns 
100 ns 
120 ns 


300 mil 
20-pin 
Plastic SOJ 
(CP-20D) 



Part No. 


Access Time 


Package 


HM511001AZP-6 
HM5 11001 AZP-7 
HM511001AZP-8 
HM511001AZP-10 
HM511001AZP-12 


60 ns 
70 ns 
80 ns 
100 ns 
120 ns 


400 mil 
20-pin 
Plastic DIP 
(ZP-20) 



BLOCK DIAGRAM 



X 



RAS Control 
Circuit 



1 



GR Control 
Circuit 



WE 

_i- 

Wl Control 
Circuit 



I/O 
Buffer 



-Din 
-Dout 



256k 
Memory 
Cell 
Array 



rV Row Decoder 



256k 
Memory 
Cell 
Array 



256k 
Memory 
Cell 
Array 



Row Address Buffer 



Ft" 



256k 
Memory 
Cell 
Array 



Column Address Buffer 



IT 



A0-A9 r 




ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to Vgs 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


Topr 


to + 70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°c 
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HM511001A Series 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Supply 


v C c 


4.5 


5.0 


5.5 


V 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


Input Low Voltage 


Vil 


-2.0 


— 


0.8 


V 



Note: 1. All voltages referenced to V§s- 

• DC Characteristics (V C c = 5V ±10%, V S s = 0V, T A 



Oto +70°C) 





Symbol 


HM511001A 


Unit 


Test Condition 




Parameter 


-6 


-7 


-8 


-10 


-12 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating 
Current 


!CC1 


- 


90 


- 


80 


- 


70 


- 


60 


- 


50 


mA 


RAS, CAS Cycling, 
tRc = Min 


1,2 


Standby 
Current 


!CC2 


- 


2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 


RAS CAS = V IH TTL 

D out = High-Z Interface 




- 


' 


- 


1 


- 


1 


- 


1 


- 


1 


RAS, CAS > rwv3 

Vcc - 0.2V ™° f S 
r > v ' TT- i. ry Interface 
D out = High-Z 




Refresh 
Current 


!CC3 


- 


90 


- 


80 


- 


70 


- 


60 


- 


50 


mA 


RAS Only Refresh, 
tRC = Min 


2 


Standby 
Current 


!CC5 


- 


5 


- 


5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH , CAS = V IL , 
D out = Enable 


1 


Refresh 
Current 


!CC6 


- 


80 


- 


70 


- 


60 


- 


50 


- 


40 


mA 


CAS Before RAS 
Refresh, tRc = Min 




Nibble 
Mode 
Current 


Joes 


- 


70 


- 


70 


- 


50 


- 


50 


- 


40 


mA 


RAS = V IL , 
CAS Cycling, 
tNC = Min 


1,3 


Input 
Leakage 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


jaA 


V IN = Oto +7V 




Output 
Leakage 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 


V in = Oto +7V 
D out = Disabled 




Output 


VOH 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


I out = ~ 5 mA 




Levels 


Vol 





0.4 





0.4 





0.4 





0.4 





0.4 


V 


lout = 4.2 mA 





Notes: 1. Ice depends on output loading condition when the device is selected. Ice max 1S specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vjl- 

3. Address can be changed once or less while CAS = Vjh- 

• Capacitance (V C c = 5V ±10%, T A = 25°C) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance 


Address, Data Input 


Cn 


— 


5 


pF 


1 


Clocks 


C12 


— 


7 


pF 


1 


Output Capacitance 


Data Output 


Co 


— 


7 


pF 


1,2 



Notes: 



1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = Vih to disable D out . 
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HM511001A Series 



• AC Characteristics (T A = to + 70 s 

Test Conditions 

Input Rise and Fall Times 



Input Timing Reference Levels 

Read, Write, Read-Modify-Write and 



C, V CC = 5V ±10%, V S s = 0V)L 10 

Output Load 



5 ns 

0.8V, 2.4V 

Refresh Cycles (Common Parameter) 



.2TTLGate + C L (100 pF) 
(Including Scope and Jig) 





Symbol 


HM511001A 


Unit 




Parameter 


-6 


-7 


-8 


-10 


-12 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Random Read or Write 
Cycle Time 


tRC 


120 


- 


130 


- 


160 


- 


190 


- 


220 


- 


ns 




RAS Precharge Time 


tRP 


50 


— 


50 


— 


70 


— 


80 


— 


90 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


20 


10000 


20 


10000 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


12 


— 


15 


— 


15 


— 


ns 




Column Address 
Setup Time 


*ASC 





- 





- 





- 





- 





- 


ns 




Column Address 
Hold Time 


tCAH 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




RAS to CAS 
Delay Time 


tRCD 


20 


40 


20 


50 


22 


55 


25 


75 


25 


90 


ns 


7 


RAS to Column 
Address Delay Time 


tRAD 


15 


30 


15 


35 


17 


40 


20 


55 


20 


65 


ns 


11 


RAS Hold Time 


tRSH 


20 


— 


20 


— 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


*CSH 


60 


— 


70 


— 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS 

Precharge Time 


tCRP 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Transition Time 
(Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


6 


Refresh Period 


tREF 


— 


8 


— 


8 


— 


8 


— 


8 


— 


8 


ms 





Read Cycle 





Symbol 


HM511001A 


Unit 




Parameter 


-6 


-7 


-8 


-10 


-12 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Access Time 
from RAS 


tRAC 


- 


60 


- 


70 


- 


80 


- 


100 


- 


120 


ns 


2,3 


Access Time 
from CAS 


tCAC 


- 


20 


- 


20 


- 


25 


- 


25 


- 


30 


ns 


3,4 


Access Time 
from Address 


*AA 


- 


30 


- 


35 


- 


40 


- 


45 


- 


55 


ns 


3,4 


Read Command 
Setup Time 


tRCS 





- 





- 





- 





- 





- 


ns 




Read Command 

Hold Time 

Referenced to CAS 


tRCH 





- 





- 





- 





- 





- 


ns 




Read Command 

Hold Time 

Referenced to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Column Address 
to RAS 
Lead Time 


tRAL 


30 


- 


35 


- 


40 


- 


45 


- 


55 


- 


ns 




Output Buffer 
Turn-off Delay 


tQFF 


- 


20 


- 


20 


- 


20 


- 


25 


- 


30 


ns 


5 
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HM511001A Series 
Write Cycle 





Symbol 


HM511001A 


Unit 




Parameter 


-6 


-7 


-8 


-10 


-12 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Write Command 
Setup Time 


twcs 





- 





- 





- 





- 





- 


ns 


8 


Write Command 
Hold Time 


tWCH 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




Write Command 
Pulse Width 


t W p 


10 


- 


10 


- 


15 


- 


15 


- 


20 


- 


ns 




Write Command to 
RAS Lead Time 


tRWL 


20 


- 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




Write Command to 
CAS Lead Time 


tcWL 


20 


- 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 





— 





— 


ns 


9 


Data-in Hold Time 


*DH 


15 


— 


15 


— 


20 


— 


20 


— 


25 


— 


ns 


9 



Read-Modify-Write Cycle 




























Symbol 


HM511001A 


Unit 




Parameter 


-6 


-7 


-8 


-10 


-12 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Read- Write Cycle Time 


tRWC 


145 


— 


155 


— 


190 


— 


210 


— 


245 


— 


ns 




RAS to WE Delay Time 


tRWD 


60 


— 


70 


— 


80 


— 


90 


— 


110 


— 


ns 


8 


CAS to WE Delay Time 


tcWD 


20 


— 


20 


— 


25 


— 


25 


— 


30 


— 


ns 


8 


Column Address to 
WE Delay Time 


*AWD 


30 


- 


35 


- 


40 


- 


45 


- 


55 


- 


ns 


8 



Refresh Cycle 






























Symbol 


HM511001A 


Unit 




Parameter 


-6 


-7 


-8 


-10 


-12 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




CAS Setup Time 

(CAS Before RAS Refresh) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh) 


tCHR 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to 
CAS Hold Time 


tRPC 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 





Nibble Mode Cycle 






























Symbol 


HM511001A 


Unit 




Parameter 


-6 


-7 


-8 


-10 


-12 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Nibble Mode Access Time 


tNAC 


— 


20 


— 


20 


— 


25 


— 


25 


— 


30 


ns 




Nibble Mode Cycle Time 


*NC 


40 


— 


40 


— 


45 


— 


45 


— 


50 


— 


ns 




Nibble Mode CAS 
Precharge Time 


tNCP 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Nibble Mode CAS 
Pulse Width 


tNCA 


20 


- 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




Nibble Mode RAS 
Hold Time 


tNRSH 


20 


- 


20 


- 


25 


- 


25 


- 


30 


- 


ns 
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HM511001A Series 



Nibble Mode Read-Modify 


-Write Cycle 


























Symbol 


HM511001A 


Unit 




Parameter 


- 


6 




7 


-8 


- 





- 


2 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Nibble Mode Read-Modify- 
Write Cycle Time 


*NRWC 


65 


- 


65 


- 


65 


- 


65 


- 


75 


- 


ns 




Nibble Mode Write Command 
CAS Lead Time 


*NCWL 


20 


- 


20 


- 


20 


- 


20 


- 


25 


- 


ns 




Nibble Mode CAS to 
WE Delay Time 


tNCWD 


20 


- 


20 


- 


20 


- 


20 


- 


25 


- 


ns 





Notes: 1. AC measurements assume tx = 5 ns. 

2. Assumes that tRCD - *rcd (max) and tRAD - *RAD (max). If tRCD or tRAD 1S greater than the maximum recommended 
value shown in this table, tRAc exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that tRCD ^ *rcd (max) and tRAD - *RAD (max). 

5- toFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

6. Transition times are measured between Vih and Vil. 

7. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD i s greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAO 

8- twcs anfl1 tcWD are n °t restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only: if t\ycs - twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tRWD - *RWD (min), tcwD - tcwD ( mm ) anc * *AWD ^ *AWD (min), the cycle is a read- 
write and the data output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

9. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-write cycles. 

10. An initial pause of 100 jas is requ ired after power-up followed by eight initialization cycles (a ny co mbinati on of cycles 
containing RAS clock such as RAS only refresh). If internal refresh counter is used, eight or more CAS before RAS refresh 
cycles are required. 

11. If tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 
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HM511001A Series 

■ TIMING WAVEFORMS 
• Read Cycle 



WS 



CfiS 



\ 



tRAS 



wr 7 



Dout 



V «. *£ 



~.%^y&C~><ZZZZZZZZZZM 




}^^\ 



-/ 



<: 



W777777, 



Valid 
Output 



> 



K///I : Don't care 



» Early Write Cycle 



RAS 



v 



CAS 



t*AS 



-l/E=\ 



>; 



'**» tji 



tRSH 



tcSH 



tcAS 



*^^pry^ : *- W///////77777777, 



WE 7 



'////////A 



tos 



u 



/////////////////, 



■» 777777^rsntt////////////////7, 



High-Z*2 



Notes: 1. Y/A ' Don't care 
2. twcs^twcsimin) 
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HM511001A Series 



• Delayed Write Cycle 



Address 



N 



tRAH tASC 



2x£x£< 



tcAH _ 



Column 



•A 



\ 



i « CRP 



wmnnnmnmrn. 



WE 7/ 



tftCS 

'IMllf \,z=MUMMM 



\//fh : Don,t carc 



1 Read-Modify-Write Cycle 



Ea5 



\ 



CAS 



Address 



W 



t««AH t AS C 



%X£L 



:m 




Din 77 



/t^< 



y 



■= ^M///////////7777777, 



Dout . 



z 



\-^ J////////////A 



wmmxsyumznnmm 



<: 



"Valid ^^. 

Output ^ .^ m " 



V7A '. Don't care 
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HM511001A Series 



• RAS Only Refresh Cycle 



X 



cas 7 



w 



Y- 



VMUMa 



KC^ tf//////////////////////////, 



High-Z 



Notes 1. V7Z\ - Don't care 

2. Refresh address A0-A8( AX0-AX8) 



• CAS Before RAS Refresh Cycle 



'\ ^ /ms i •" y . 



YZK 



y 



/////////////////////////////, 



' Nibble Mode Read Cycle 



RAS 



CAS 



n 



\ c 



We 



Dout 




'CAM I I 4 

kz 



tRCH M 

*RCS 



■**| t RCS -H *** 



tRCH l-J 



"^ Valid H / r Valid Hv 7 L Valid *<c 

\ _ Output / S . Output / S Output / 



TV 



.' Don't care 
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HM511001A Series 



• Nibble Mode Write Cycle 



7XEX 



^^ZHy^J% A 



TK 



AZ\ 



xzzzzzzzzzzzzzzzzzzzz 



-V7fr. 



4ZZS, 



■ TZZZkKkZZkEKX'^ZXZZZZZZ 



\HR 



High-Z'2 



Notes: 1. Y///A ■ Don't care 
2 twcs^twcsimm) 



> Nibble Mode Read-Modify-Write Cycle 



Sas~ 



CA5 



V,t 



V,H- 



* 



f 






Row 
Add. 



¥ 

tRCS 



WE" 



"um 



Din / 



Dout 



tcAt 



tcwo 



tjCP 



X W///////////////7M, 









ItcAC 



\ 



jm 



■ Valid *s/77\Jf Va,id X y7X/ Val,d \/77)/ Valld V/// 

: "»* |\ /4 lnput jV/A "*"" a/A "*"* Ay/ 



tRAc a f**i /— A— 

7 r Valid \ T Valid \ / valid \ / valid \ 

5 Output/ \ Output 7 I Output / V Output J 



j/ /\ '. Don't care 
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HM511001A Series 



Supply Current (Active) 
vs. Supply Voltage 



I.J 
1.2 
1.1 
1.0 
0.9 
0.8 
m 



















































4.50 4.75 5.00 5.25 

Supply Voltage Vcc (V) 



5.50 



Supply Current (Active) 
vs. Ambient Temperature 



I.J 
1.2 
1.1 
1.0 
0.9 
0.8 
07 



















































20 40 60 80 

Ambient Temperature Ta CO 



Supply Current 
(Active) vs. Frequency 



u.u 
5.0 

1.0 
0.5 

n 1 



































0.1 



0.5 1.0 
Frequency /(MHz) 



5.0 10.0 



Supply Current (Standby) 
vs. Supply Voltage 



1.3 



1.2 



1.1 



0.9 



0.8 



0.7 



CMOS in 


erface 




y 


































it 









4.50 4.75 5.00 5.25 

Supply Voltage Vcc (V) 



5.50 



Supply Current (Standby) 
vs. Supply Voltage 



1.6 



1.0 



0.8 



c75 0.6 



0.4 



TTL inter 


ace 






























-^ 

















4.50 4.75 5.00 5.25 5.50 

Supply Voltage Vcc (V) 



Supply Current (Standby) 
vs. Ambient Temperature 




20 40 60 80 

Ambient Temperature Ta CO 
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HM511001A Series 



1.3 

1 1-2 

S 

© 1 1 

2 I.I. 

i 1 ° 

H 

| 0.9 

< 



0.7, 



RAS Access Time 
vs. Supply Voltage 




4.50 4.75 5.00 5.25 5.50 

Supply Voltage Vcc (V) 



CAS Access Time 
vs. Supply Voltage 




"4.50 4.75 5.00 5.25 5.50 

Supply Voltage Vcc (V) 



3 



RAS Access Time 
vs. Ambient Temperature 



1.3 

£ 

1 u 
B 10 

I 0.9 

< 

|C/) 

IS <>-8 

fl 7 



















































20 40 60 80 

Ambient Temperature Ta CO 



CAS Access Time 
vs. Ambient Temperature 



20 40 60 

Ambient Temperature Ta CO 
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HM511002A Series 

1,048,576-word x 1-bit CMOS Dynamic RAM 

■ DESCRIPTION 

The Hitachi HM511002A Series is a CMOS dynamic RAM organized 1,048,576- 
word x 1-bit. HM511002A has realized higher density, higher performance and vari- 
ous functions by employing 1.3 jum CMOS process technology and some new 
CMOS circuit design technologies. The HM511002A offers Static Column Mode as 
a high speed access mode. 

Multiplexed address input permits the HM511002A to be packaged in standard 
18-pin plastic DIP, 20-pin plastic SOJ and 20-pin plastic ZIP. 

■ FEATURES 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns/120 ns (max) 

• Low Power 

Standby 1 1 mW 

Active 495 mW/440 mW/385 mW/330 mW/275 mW 

• Single 5V Supply (±10%) 

• Static Column Mode Capability 

• 512 Refresh Cycles (8 ms) 

• 2 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

■ PIN OUT 



HM511002AP Series 



Dm [7 

we|T 
Ras[T 

TF*« [T 

ao|T 

Al|J 
A2(T 
A3JT 



17)Dout 

lUcs 

75) A9 
U)A8 
13) A7 
12] A6 

Ti]A5 
ED A4 



(Top View) 



HM511002AJP Sereis 
Hitachi Pin No. 



JEDEC Pin No. 



K 
E 
E 
E 
E 




ID 



(Top View) 



HM511002AZP Series 



CS 2 




Vss 4 




WE 6 




NC 8 




NC 10 




Al 12 




A3 14 




A4 16 




A6 18 




A8 20 





1 A9 
3 Dout 
5 Din 
7RAS 
9TF* 1 
11 A0 
13 A2 
15 V cc 
17 A5 
19 A7 



(Bottom View) 



HM511002AP Series 




(DP-18C) 



HM511002AJP Series 




(CP-20D) 



HM511002AZP Series 




(ZP-20) 



PIN DESCRIPTION 



Pin Name 


Function 


A0-A9 


Address Input 


Ao-A 8 


Refresh Address Input 


Din 


Data Input 


Dout 


Data Output 


RAS 


Row Address Strobe 


CS 


Chip Select 


WE 


Write Enable 


Vcc 


Power Supply ( + 5V) 


Vss 


Ground 


TF*1 


Test Function 



Note: *1. TF pin can be connected 
with any line or unconnected 
provided the voltage level of 
TF pin must be kept lower 
than V C c + 0.5V. 
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HM511002A Series 



ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HM511002AP-6 


60 ns 




HM511002AP-7 


70 ns 


300 mil 18-pin 


HM511002AP-8 


80 ns 


Plastic DIP 


HM511002AP-10 


100 ns 


(DP-18C) 


HM511002AP-12 


120 ns 




HM511002AJP-6 


60 ns 




HM511002AJP-7 


70 ns 


300 mil 20-pin 


HM511002AJP-8 


80 ns 


Plastic SOJ 


HM511002AJP-10 


100 ns 


(CP-20D) 


HM511002AJP-12 


120 ns 





Part No. 


Access Time 


Package 


HM511002AZP-6 


60 ns 




HM511002AZP-7 


70 ns 


400 mil 20-pin 


HM511002AZP-8 


80 ns 


Plastic ZIP 


HM511002AZP-10 


100 ns 


(ZP-20) 


HM511002AZP-12 


120 ns 





BLOCK DIAGRAM 



± 
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Word Driver 
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7T 
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Word Driver 
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HM511002A Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to Vgs 


v T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


Topr 


to + 70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°C 



I ELECTRICAL CHARACTERISTICS 

> Recommended DC Operating Conditions (Ta = to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 




Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 




Input Low Voltage 


VlL 


-2.0 


— 


0.8 


V 





Note: 1. All voltages referenced to V§s- 

• DC Electrical Characteristics (V C c = 5V ±10%, V S s = 0V, T A 



Oto +70°C) 



Parameter 


Symbol 


HM511002A 
-6 


HM511002A 

-7 


HM511002A 
-8 


HM511002A 
-10 


HM511002A 
-12 


Unit 


Test Conditions 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating 
Current 


kd 


- 


90 


- 


80 


- 


70 


- 


60 


- 


50 


mA 


RAS, CS Cycling 
t RC = Min 


1,2 


Standby 


!CC2 


- 


2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CS = V IH 
D out = High-Z 




Current 


- 


1 


- 


1 


- 


1 


- 


1 


- 


1 


CMOS Interface 

RAS, CS > V cc - 0.2V 

D out = High-Z 




Refresh 
Current 


!CC3 


- 


90 


- 


80 


- 


60 


- 


50 


- 


45 


mA 


RAS Only Refresh 
t RC = Min 


2 


Standby 
Current 


!CC5 


- 


5 


~ 


5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH ,CS = V IL , 
D out = Enable 


1 


Refresh 
Current 


!CC6 


- 


80 


- 


70 


- 


60 


- 


50 


- 


40 


mA 


CS Before RAS Refresh, 
t RC = Min 




Static Column 
Mode Current 


!CC9 


- 


80 


- 


70 


- 


60 


- 


50 


- 


40 


mA 


t S c = Min 


3 


Input 
Leakage 


in 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


jLtA 


V IN = Oto +7V 




Output 
Leakage 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


uA 


V out = 0to+7V, 
D out = Disable 




Output 


VOH 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


lout = ~ 5 mA 




Levels 


Vol 





0.4 





0.4 





0.4 





0.4 





0.4 


V 


W = 4 - 2 mA 





Notes: 1. Ice depends on output loading condition when the device is selected. Ice max * s specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vjl. 

3. Address can be changed once or less while CS = Vjh- 

• Capacitance (V C c = 5V ±10% T A = 25°C) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance 


Address, Data Input 


Cn 


— 


5 


pF 


1 


Clocks 


Cl2 


— 


7 


pF 


1 


Output Capacitance 


Data Output 


Co 


— 


7 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CS = V IH to disable D out . 
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HM511002A Series 



• AC Characteristics (T A 
Test Conditions 



to +70°C, V C c = 5V ±10%, V S s = 0V)L 17 



Input Rise and Fall Times 5 ns 

Input Timing Reference Levels 0.8V, 2.4V 

Output Load 2 TTL Gates + C L (100 pF) 

(Including scope and jig) 



Read, Write, Read-Modify-Write and Refresh Cycle (Common Parameters) 












Parameter 


Symbol 


HM511002A-6 


HM511002A-7 


HM511002A-8 


HM511002A-10 


HM511002A-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or 
Write Cycle Time 


tRC 


120 


- 


130 


- 


160 


- 


190 


- 


220 


- 


ns 




RAS Precharge 
Time 


tRP 


50 


- 


50 


- 


70 


- 


80 


- 


90 


- 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


120 


10000 


ns 




CS Pulse Width 


tsp 


20 


10000 


20 


10000 


25 


10000 


30 


10000 


30 


10000 


ns 




Row Address 
Setup Time 


*ASR 





- 





- 





- 





- 





- 


ns 




Row Address 
Hold Time 


tRAH 


10 


- 


10 


- 


12 


- 


15 


- 


15 


- 


ns 




Column Address 
Setup Time 


*ASW 





- 





- 





- 





- 





- 


ns 




Column Address 
Hold Time 


tAHW 


15 


- 


15 


- 


20 


- 


25 


- 


25 


- 


ns 




RAStoCS 
Delay Time 


tRCD 


20 


40 


20 


50 


22 


55 


25 


70 


25 


90 


ns 


8 


RAS to Column 
Address Delay Time 


tRAD 


15 


30 


15 


35 


17 


40 


20 


50 


20 


65 


ns 


9 


RAS Hold Time 


tRSL 


20 


— 


20 


— 


25 


— 


30 


— 


30 


— 


ns 




CS Hold Time 


tCSH 


60 


— 


70 


— 


80 


— 


100 


— 


120 


— 


ns 




CS to RAS 

Pre-charge Time 


tSRS 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Transition Time 
(Rise to Fall) 


tr 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


8 


— 


8 


— 


8 


— 


8 


— 


8 


ms 




Read Cycle 


Parameter 


Symbol 


HM511002A-6 


HM511002A-7 


HM511002A-8 


HM511002A-10 


HM511002A-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


— 


120 


ns 


2,3 


Access Time from CS 


tACS 


— 


20 


— 


20 


— 


25 


— 


30 


— 


30 


ns 


3,4 


Access Time 
from Address 


tAA 


- 


30 


- 


35 


- 


40 


- 


50 


- 


55 


ns 


3, 5, 14 


Read Command 
Setup Time 


tRCS 





- 





- 





- 





- 





- 


ns 




Read Command Hold 
Time to CS 


tRCH 





- 





- 





- 





- 





- 


ns 




Read Command Hold 
Time to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Column Address to 
RAS Lead Time 


tRAL 


30 


- 


35 


- 


40 


- 


50 


- 


55 


- 


ns 
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HM511002A Series 



Read Cycle (continued) 



Parameter 


Symbol 


HM511002A-6 


HM511002A-7 


HM511002A-8 


HM511002A-10 


HM511002A-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


RAS to Column Address 
Hold Time 


*AHR 


15 


- 


15 


- 


15 


— 


15 


- 


15 


- 


ns 


16 


Output Hold Time 
from Address 


tAOH 


5 


- 


5 


- 


5 


- 


5 


- 


5 


- 


ns 




Output Buffer 
Turn-off Time 


tOFF 


- 


20 


- 


20 


- 


20 


- 


25 


- 


30 


ns 


6 


Column Address Hold Time 
to RAS on Read 


tAR 


60 


- 


70 


- 


80 


- 


100 


- 


120 


- 


ns 





Write Cycle 



Parameter 


Symbol 


HM511002A-6 


HM511002A-7 


HM511002A-8 


HM511002A-10 


HM511002A-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command 
Setup Time 


twcs 





- 





- 





- 





- 





- 


ns 


10 


Write Command 
Hold Time 


*WCH 


15 


- 


15 


- 


20 


- 


25 


- 


25 


- 


ns 




Write Command 
Hold Time to RS 


t\VCR 


55 


- 


65 


- 


75 


- 


95 


- 


115 


- 


ns 




Write Command 
Pulse Width 


*WP 


10 


- 


10 


- 


15 


- 


15 


- 


20 


- 


ns 




Write Command to 
RAS Lead Time 


tRWL 


20 


- 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




Write Command to 
CS Lead Time 


tcWL 


20 


- 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




Data-in 
Setup Time 


tDS 





- 





- 





- 





- 





- 


ns 


11 


Data-in 
Hold Time 


tDH 


15 


- 


15 


- 


20 


- 


25 


- 


25 


- 


ns 


11 


Data-in Hold 
Time to RAS 


tDHR 


55 


- 


65 


- 


75 


- 


95 


- 


115 


- 


ns 




Column Address Hold 
Time to RAS or Write 


tAWR 


55 


- 


65 


- 


75 


- 


95 


- 


115 


- 


ns 





Read-Modify-Write Cycle 



Parameter 


Symbol 


HM511002A-6 


HM511002A-7 


HM511002A-8 


HM511002A-10 


HM511002A-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Write 
Cycle Time 


tRWC 


145 


- 


155 


- 


190 


- 


220 


- 


255 


- 


ns 




RAS to WE 
Delay Time 


tRWD 


60 


- 


70 


- 


80 


- 


100 


- 


120 


- 


ns 


10 


CStoWE 
Delay Time 


tcWD 


20 


- 


20 


- 


25 


- 


30 


- 


30 


- 


ns 


10 


Column Address to 
WE Delay Time 


*AWD 


30 


- 


35 


- 


40 


- 


50 


- 


55 


- 


ns 


10 


Output Hold Time 
from WE 


t\VOH 





- 





- 





- 





- 





- 


ns 





114 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM511002A Series 



Refresh Cycle 




























Parameter 


Symbol 


HM511002A-6 


HM511002A-7 


HM511002A-8 


HM511002A-10 


HM511002A-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


CS Setup Time 

(CS Before RAS Refresh) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CS Hold Time 

(CS Before RAS Refresh) 


tCHR 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CS 
Hold Time 


tZRH 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 





SC Mode Cycle 




























Parameter 


Symbol 


HM511002A-6 


HM511002A-7 


HM511002A-8 


HM511002A-10 


HM511002A-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


SCMode 
Cycle Time 


tsc 


35 


- 


40 


- 


45 


- 


55 


- 


60 


- 


ns 




SCMode RAS 

Pulse Width 


tRASC 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


ns 




RAS to Second WE 
Delay Time 


tRSWD 


70 


- 


80 


- 


90 


- 


110 


- 


135 


- 


ns 




SCModeCS 
Precharge Time 


tsi 


10 


- 


10 


- 


10 


- 


10 


- 


15 


- 


ns 




Write Invalid Time 


twi 


10 


— 


10 


— 


10 


— 


10 


— 


15 


— 


ns 





SC Mode Read-Modify-Write and Mixed Cycle 




Parameter 


Symbol 


HM511002A-6 


HM511002A-7 


HM511002A-8 


HM5110O2A-10 


HM511002A-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


SC Mode Cycle Time 
on Read- Write 


tSRW 


70 


- 


80 


- 


90 


- 


105 


- 


120 


- 


ns 


12 


Access Time from 
Previous WE 


*ALW 


- 


65 


- 


75 


- 


85 


- 


100 


- 


115 


ns 


3,13 


Previous WE to Column 
Address Delay Time 


tLWAD 


20 


35 


20 


40 


25 


45 


25 


50 


30 


60 


ns 


15 


Column Address Hold 
Time to Previous WE 


tAHLW 


65 


- 


75 


- 


85 


- 


100 


- 


115 


- 


ns 




Output Enable Time 
from WE 


tow 


- 


25 


- 


25 


- 


30 


- 


30 


- 


35 


ns 
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HM511002A Series 



Notes: 1. 
2. 

3. 
4. 
5. 
6. 



AC measurements assume tj = 5 ns. 

Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
Assumes that t RC D ^ t RC D (max), t RA D ^ t RAD (max). 
Assumes that t RCD < t RC D (max), t RA D ^ t RAD (max). 

tQFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

Transition times are measured between Vjh and Vjl. 

Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by t A cs- 
Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by t A A- 
twcs> tRWD> tcwD an( * tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if t\ycs - twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD - tRWD ( mm )> tcWD - tcWD ( mm ) anc * tAWD - *AWD ( mm )> th e 
cycle is a read-write and the data output will contain data read from the selected cell; if neither of the above sets of condi- 
tions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-write cycles. 

tSRW (min) = t AWD (min) + t LW AD (max) + t T . 

Assumes that t^AD - tLWAD (max). If tj^wAD * s greater than the maximum recommended value shown in this table, 
tALW exceeds the value shown. 
Assumes that ^wad - tLWAD (max). 

Operation with the tLWAD (max) limit insures that tALW (max) can be met, tLWAD (max) is specified as a reference point 
only; if tLWAD is greater than the specified tLWAD (max) limit, then access time is controlled exclusively by t A A- 
tAHR is defined as the time at which the column address hold. 

An initial pause of 100 jus is required after power-up followed by eight or more initialization cycles (any combination of 
cycles containing RAS clock such as RAS only refresh). If internal refresh counter is used, eight or more CAS before RAS 
refresh cycles are required. 



■ TIMING WAVEFORMS 
• Read Cycle 



\ 



m 



yprz\ 



s. 



7777777Z 



r 



y 



:©zzzzz 



^7777777 



^ Valid Output ^> 



P77771 : Doru Care 
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HM511002A Series 



► Early Write Cycle 



\ 



cs 



Wl 



yp^\ 



X 



;©: 



tj»$t 



tsp 



/ 



WE 



unmiiik 



vimiiiiniiiiiiim 



(III II III! 



- 77777777>C ~~ " Hill i mm II 



High-Z*2 



Notes) ♦l.lZZZZZ^Doi.'tCare 
♦ 2. < if cs 2 fires (min) 
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HM511002A Series 



• Read-Modify-Write Cycle 



\ 



m 



jmrmi . 



- ///////////////x m y////////// 



m tKWL 



I SMS 



X 



mi/muni/ 



Wlllllllli 



tAca 

r» — 

tAA 



< 



Valid Output 



Wr 



/TS 



1 WL Don i Car, 



• RAS Only Refresh Cycle 



RAS 



Nrzzzzzzzd^" 



Address /////X. Row 



K 



IZRH 




Dout 



High-Z 



LL 



Notes) *\. W77A : Don't Care 

* 2. Refresh address A0-A8(AX0-AX8) 
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HM511002A Series 



• CAS Before RAS Refresh Cycle 



RAS 



CS 



toy , 



St 



MII/IIIIl II IK . 



'<£ 



3C 



,* 



*w 



/////////// /////////////////////// /77 



High-Z 



E57Z3 : Don't care 



• Static Column Mode Read Cycle 



St 



# 



^WMSSl 




\ 



Column 1 



fiMC 



«^ 



X 



Column 2 



Valid 
Output 1 



X 



t=y 






Valid 
Output 2 



•\ 



W//////////M 



tRCS I JtM 



(40 



:^k 



r<^ 



Valid - 
Output 3 



> 



(77^ : Don't Care 
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HM511002A Series 

• Static Column Mode Write Cycle (1) 



RAS 



CS 



X 



-C i. 



Y 



WE 



7 






tASW 



Column 



•twCR 



\~ 



wimiM . 



T" )(fyjjrJQi[ 



UsW 



Valid 
Inputl 



\./~7\.C 



hHR 



3~\JJ-^ 



tcWL 



#-^-\ 



Column 






Valid 
Input2 



y//////////// 



■¥ * 

Valid 
Input3 



I 



High-Z* 2 



Notes) *1 V7777A : Don't Care 
*2 * res ^* res (min) 



HITACHI 

1 20 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM511002A Series 



> Static Column Mode Write Cycle (2) 



\ 



cs 



m 



r% 



\ ! ^jr^ ± ^r\ ±= / 



WE 



ET 



\ 



warn. 



^ twcH 



twcs 



A 



Valid 
Input 1 



hsL 



Column 3 



twca _i 'w" 



% 



Vdid 
Input 2 



Y 



Vdid 
Input 3 



mum 



High Z' 2 



Notes) * 1 . E22 : Don't care 
*2. twcs > twcs(min) 
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HM511002A Series 

• Static Column Mode Read-Modify-Write Cycle 



W& 



CS 



Address 



WE 



\ 



k 



* I*£2 ^ 



A 



Row 



t*AD -_ 



tAHwW* 



tcwo 



- >//////////M 



_^ UWAD 



\ r **^ C 



Valid 
Input i 



Col urn n2 



Dout 




toc S \ 1 



Valid 
Input ; 



*aiw fc 



±\ 






Column3 



W/////////M 



t RCS K f 






k '» . 



•AIW 
. t A A 






K//4 : Don't care. 



► Static Column Mode Mixed Cycle 



ESS" 

cs 



Address '/X Row 



^\ '"H i^Mi J 



* 




WE 



Din 



Dout 



1 



^M{ 



rfflft 

tRC! 

CS ■**- 



Column 
2 



)I 



tcWL 



Column 



W//////////////A 



tw^l/ 



< 



5 ^/iMM)/W#///! 



Valid , 
Output ' 



l ACS 
twOH 



Output ' 



to#F 



M 



Early Write 



Read 



Read-Modify-Write 



Y/A • Don't care. 
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HM511002A Series 



SUPPLY CURRENT (ACTIVE) 
vs. SUPPLY VOLTAGE 



1.3 
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0.8 



0.7 



4.50 4.75 5.00 5.25 

Supply Voltage Vcc (V) 
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"8 
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o 
Z 
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SUPPLY CURRENT (ACTIVE) 
vs. FREQUENCY 
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n 1 
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SUPPLY CURRENT (STANDBY) 
vs. SUPPLY VOLTAGE 
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terface 















































4.50 4.75 5.00 5.25 

Supply Voltage Vcc (V) 



SUPPLY CURRENT (STANDBY) 
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4.50 4.75 5.00 5.25 

Supply Voltage Vcc (V) 



SUPPLY CURRENT (STANDBY) 
vs. AMBIENT TEMPERATURE 
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Ambient Temperature Ta (*C) 
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HM511002A Series 



RAS ACCESS TIME 
vs. SUPPLY VOLTAGE 
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•ii 


1.0 
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CS ACCESS TIME 
vs. SUPPLY VOLTAGE 



4.50 4.75 5.00 5.25 

Suppply Voltage Vet (V) 



5.50 



CS ACCESS TIME 
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ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 
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HM511664 Series 

65,536- Word x 16-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM511664 are CMOS dynamic RAM orga- 
nized as 65,536-word x 16-bit. HM511664 have realized 
higher density, higher performance and various functions by 
employing 0.8 jam CMOS process technology and some 
new CMOS circuit design technologies. The HM511664 offer 
Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM511664 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard 
475 mil 40-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 

• Low Power Dissipation 

Active Mode 

Standby Mode 

• Fast Page Mode Capability 

• Byte Write Capability 

• 256 Refresh Cycles 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

■ ORDERING INFORMATION 



Preliminary 



.80 ns/100 ns (max) 



TBD 

. 1 1 mW (max) 



. (4 ms) 



Part No. 


Access Time 


Package 


HM511664JP-8 
HM511664JP-10 


80 ns 
100 ns 


400 mil 40-pin 
Plastic SOJ 
(CP-40D) 


HM511664ZP-8 
HM511664ZP-10 


80 ns 
100 ns 


475 mil 40-pin 
Plastic ZIP 
(ZP-40) 


■ PIN DESCRIPTION 


Pin Name 


Function 


Ao-A 7 


Address Input 
Refresh Address Input 


IAVI/O16 


Data-in/Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


UW 


Read/Upper Byte Write Enable 


LW 


Read/Lower Byte Write Enable 


OE 


Output Enable 


v C c 


Power ( + 5V) 


v S s 


Ground 


NC 


No Connection 



HM511664JP Series 




(CP-40D) 



HM511664ZP Series 




(ZP-40) 



PIN OUT 



HM511664JP Series 


Vccpl 


40pV ss 


i/oiq2 


39OI/016 


I/02Q3 


38DI/015 


1/03 CJ4 


-nj-11/014 


I/04q5 


36DI/013 
•*5DI/012 


1/05 q6 


1/0607 


34hl/Oll 


1/07 C38 


33B1/OIO 


1/08 13 


32DI/09 


NCCJIO 


31DNC 


VccQH 


30Bv ss 


UWQ12 


29pCAS 


LWCJ13 


28D0E 


RAsdl4 


270NC 


A0CJ15 
Al(jl6 


26pNC 


25DNC 


A2CJ17 


24pA7 


A3C|l8 


23DA6 


A4D19 
VccP20 


22DA5 


21PV SS 




0074-1 


(Top 


View) 



HM511664ZP Series 




(Bottom View) 
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HM511664 Series 
■ TRUTH TABLE 



Inputs 


I/O 


Operation 
















RAS 


CAS 


LW 


UW 


OE 


I/Oi-I/0 8 


I/0 9 -I/0 16 




H 


H 


H 


H 


H 


High-Z 


High-Z 


Standby 


L 


H 


H 


H 


H 


High-Z 


High-Z 


Refresh 


L 


L 


H 


H 


L 


D ut 


D out 


Read 


L 


L 


L 


H 


H 


D in 


Don't Care 


Lower Byte Write 


L 


L 


H 


L 


H 


Don't Care 


D in 


Upper Byte Write 


L 


L 


L 


L 


H 


Di„ 


D in 


Word Write 


L 


L 


L 


L 


H 


High-Z 


High-Z 





ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V§s 


v T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


0.8 


W 


Operating Temperature 


Topr 


to + 70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



I ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low 


(I/OiPin) 


VlL 


-0.5 


— 


0.8 


V 


1,2 


Voltage 


(Others) 


VlL 


-1.0 


— 


0.8 


V 


1,2 



Notes: 1. All voltage referenced to Vss- 

2. The device will withstand undershoots to the — 2V level with a maximum pulse width of 20 ns at the — 1.5V level. (See 
figure 1.) 



V IH 



-1.0 V 
-1.5 V 
-2.0 V 



20 ns(tnax) 



Figure 1 . Undershoot of input voltage 
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• DC Electrical Characteristics (T A = to +70°C, V C c = 5V +10%, V S s = 0V) 



HM511664 Series 



Parameter 


Symbol 


HM5 11664-8 


HM51 1664-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Operating Current 


icci 


TBD 


mA 


RAS, CAS Cycling 
tRC = Min 


1,2 


Standby Current 


ICC2 


2 


mA 


TTL Interface 
RAS, CAS = V IH , 
Dout = High-Z 




• 


mA 


CMOS Interface RAS, 
CAS > V cc - 0.2V, 
D out = High-Z 




RAS Only Refresh Current 


ICC3 


TBD 


mA 


tRC = Min 


2 


Standby Current 


ICC5 


TBD 


mA 


RAS = V IH , 
CAS = V IL , 
D out = Enable 


1 


CAS Before RAS Refresh 
Current 


ICC6 


TBD 


mA 


t RC = Min 




Fast Page Mode Current 


!cC7 


TBD 


mA 


tpc = Min 


1,3 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


jaA 


0V < V in < 6.5V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


julA 


0V < V out < 5.5V, 
D out = Disable 




Output High Voltage 


V H 


2.4 1 


v C c 


2.4 


v C c 


V 


High I out = — 2.5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 


V 


LowI out = 2.1 mA 






Notes: 1. Ice depends on output load condition when the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed once or less while RAS = Vjl. 

3. Address can be changed once or less while CAS = Vjh- 

• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


C12 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


c i/o 


— 


7 


pF 


1,2 



Notes: 1 . Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



127 



HM511664 Series 



• AC Characteristics (T A = to + 70°C, Vcc = 
Read, Write, Read-Modify-Write and Refresh 



5V ±10%, V S s = 0V)L 14, 15, 16 

Cycles (Common Parameters) 



Parameter 


Symbol 


HM5 11664-8 


HM51 1664-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


135 


— 


170 


— 


ns 




RAS Precharge Time 


tRP 


45 


— 


60 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


30 


10000 


40 


10000 


ns 




Row Address Setup Time 


USR 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


ns 




Column Address Setup Time 


tASC 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


50 


20 


60 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


35 


15 


45 


ns 


9 


RAS Hold Time 


tRSH 


30 


— 


40 


— 


ns 




CAS Hold Time 


tCSH 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


ns 




OE to D in Delay Time 


tODD 


15 


— 


15 


— 


ns 




OE Delay Time from Di n 


*DZO 





— 





— 


ns 




CAS Setup Time from D in 


*DZC 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


ns 


7 


Refresh Period 


*REF 


— 


4 


— 


4 


ms 




Read Cycle 


Parameter 


Symbol 


HM511664-8 


HM511664-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


30 


— 


40 


ns 


3,4,13 


Access Time from Address 


*AA 


— 


45 


— 


55 


ns 


3,5,13 


Access Time from OE 


*OAC 


_ 


30 


— 


40 


ns 




Read Command Setup Time 


tRCS 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 





— 





— 


ns 




Column Address to RAS Lead Time 


tRAL 


45 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tOFFl 





20 





20 


ns 


6 


Output Buffer Turn-off to OE 


tOFF2 





15 





15 


ns 


6 


CAS to D in Delay Time 


*CDD 


20 


— 


20 


— 


ns 




RAS Hold Time Referenced to OE 


tROH 


10 


— 


10 


— 


ns 




Write Cycle 


Parameter 


Symbol 


HM5 11664-8 


HM5 11664-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 


ns 


10 


Write Command Hold Time 


t\VCH 


15 


— 


15 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


15 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


20 


— 


ns 




Write Command to CAS Lead Time 


tCWL 


20 


— 


20 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 


ns 


11 


Data-in Hold Time 


tDH 


15 


— 


15 


— 


ns 


11 



128 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM511664 Series 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM511664-8 


HM51 1664-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


185 


— 


220 


— 


ns 




RAS to WE Delay Time 


tRWD 


105 


— 


125 


— 


ns 


10 


CAS to WE Delay Time 


tCWD 


55 


— 


65 


— 


ns 


10 


Column Address to WE Delay Time 


*AWD 


70 


— 


80 


— 


ns 


10,13 


OE Hold Time from WE 


k)EH 


15 


— 


15 


— 


ns 





Refresh Cycle 
















Parameter 


Symbol 


HM5 11664-8 


HM511664-10 


Unit 


Note 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


ns 




CAS Precharge Time in Normal Mode 


tCPN 


10 


— 


10 


— 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HM51 1664-8 


HM51 1664-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


tCP 


10 


— 


10 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


80 


100000 


100 


100000 


ns 


12 


Access Time from CAS Precharge 


*ACP 


— 


45 


— 


55 


ns 


3,13 


RAS Hold Time from CAS Precharge 


tRHCP 


45 


— 


55 


— 


ns 




Fast Page Mode Read-Modify- 
Write Cycle CAS Precharge 
to WE Delay Time 


tCPW 


70 


- 


80 


- 


ns 




Fast Page Mode Read-Modify- 
Write Cycle Time 


tpCM 


100 


- 


110 


- 


ns 






Counter Test Cycle 
















Parameter 


Symbol 


HM511664-8 


HM51 1664-10 


Unit 


Note 


Min 


Max 


Min 


Max 


CAS Precharge Time in 
Counter Test Cycle 


*CPT 


40 


- 


40 


- 


ns 





Byte Write Mode 
















Parameter 


Symbol 


HM51 1664-8 


HM511664-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Masked Write Setup Time 


tMCS 





— 





— 


ns 




Masked Write Hold Time 
Referenced to RAS 


*MRH 





- 





- 


ns 




Masked Write Hold Time 
Referenced to CAS 


tMCH 





- 





- 


ns 
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HM511664 Series 



Notes: 1. AC measurements assume tj = 5 ns. 

2. Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max). If tRCD or tRAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 1 TTL load and 50 pF. 

4. Assumes that t RCD > t RCD (max) and (t RC D ~ tRAD) ^ [t RC D (max) - t RA D (max)]. 

5. Assumes that t RA D ^ t RA D (max) and (t RCD - t RA D) ^ [t RC D (max) - t RA D (max)]. t RA o *ca° and tAA are 
determined as follows. 



tRAD^s] 
t RAD max. 

tRAD fflin - 


— ■ 


tAA 


Z^t RAD = t RCD - [t RCD (max) - t RAD (max)] 
/ t CAC 


tRAC 






i 

I 




tRCD min - tRCD max * 
tRCD[ns] 

0074-4 



6- toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vjl- 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAO 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 
tw~CS> tRWD> tcWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if t\ycs - twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD - tRWD (min), tcwD - tcwD (min), tAWD - *awd ( m * n ) anc * 
tCPW - tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 
These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 
tRASC defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tAA or tCAC or tACP- 

14. An initi al pau se of 100 juts is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the dev ice. 

16. When both LW and UW go low at the same time, all 16-bits data are written into the device. LW and UW cannot be 
staggered within the same write cycle. 



10. 



11 



12. 
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HM511664 Series 



I TIMING WAVEFORMS 
1 Read Cycle 



RAS 



CmS 



~\ 



Address 



UW 



tRC 



tRAS 



J" 



tRCD 



LW 



Dout- 
1/01-1/016 



Din 



OE 



tasH 



tCAS 



Column 




tcSH 



tRAL 



1 



tCAH, 



High-Z 



tRAC 



t OZC 



^. 



tRP 

< ► 



t CRP 




tCAC 



^AA 



tOAC 

< ► 



High-Z 



tozo 



tRCH 



tRCH 



t*RH 
4 ► 




t0FF1 



^ Dout ) 



tROH 



tQFF2 



tCDD , 



to DO 





* vyyy/A '• v, H orv, L 
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HM511664 Series 



• Early Write Cycle 



RAS 



CAS 



Address 



UW 



LW 



Din 



1/01-1/016 



Dout_ 



tRC 



'\ 



WM>k- c 



&S> 



tRAS 



£*-;\ 



* * 



tRSH 



\ 



Row i 




*ASC 



J', 



X 



tCRP 



, tCflH > 



Column 





, tos > 



twCH 





4 li2 ► 



Din 



High-Z 





l/A : V, H orV, L 
OF: V| H orV| L 
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HM511664 Series 



• Upper Byte Early Write Cycle 



RAS 



CAS 



Address 



UW 



Din 



l/OH/08 



Dout- 

Din 
1/09-1/016 

Oout- 



\ 



wzm 



.2* 



t«c 



tHAS 



J" 



< ^2 „ 



\ 



IS™ ^ 



Row 



"v_ 




*RSH 



« *£5 ^ 



. tCAH . 



Column 



X. 





4 t0S » < t0H » 



* *\ 



tCRP 




twCH 




*MCH 



tMRH 





High-Z 



Din 




High-Z 



* ^^j :v IH orV, L 
** 5i : V IH orV 1L 
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HM511664 Series 

• Lower Byte Early Write Cycle 



RAS 



CAS 



Address 



UW 



Din 

1/09-1/016 

Dout- 



A 



^*l 



tRC 



*RAS 



J" 



^CD 



*CSH 



\ 



jtstAH 



Aow \j 




Use 



tRSH 



*CAS 



/ 



" " \ 



.L 



< tCAH > 



Column 




|*CRP 




Jmch 



*MRH 



High-Z 





^ : V| H orV, L 
OF: V, H orV, L 
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HM511664 Series 



• Delayed Write Cycle 



RAS 



CAS 



"\ 



tRC 



"t_ 



USR, 



Address 



UW 



tRAS 



/ \ 



kSH 



1. 



*ASC ► 




LW 



Din 



1/01-1/016 



Dout- 



OE 



*RSH 



t CAS 



\L 



t CAH 



* Sa ► 



tRWl 



Column 




t ozo 1 



^Jozc^ 



tos, 



l os, 



tooo 



p. 

tRP 



tCRP 



' tQH 



Din 



tOEH 

« ». 



Invalid 1 jr 
Dout** P" 



t 0FF2 



~r 





!%%%) •' V, H orV, L 

Invalid Dout comes out, when OE is low level. 
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HM511664 Series 



Upper Byte Delayed Write Cycle 



RAS 



CAS 



*ASR, 



Address 



t*c 



"T 



tRAS 



/ 



T 



k$H 



tRCO 



Use ► 



< UAH > 



tRSH 



r CAS 



-J 



*CAH 



*cwi 



tRWL 



f 



*^* 



kRp 




V IH orV !L 
* Invalid Dout comes out, when OE is low level. 
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HM511664 Series 



1 Lower Byte Delayed Write Cycle 



RAS 



CAS 



\ 



USR, 



Aadress 



tRC 



tRAS 



/ 



*CSH 



*RCD 



A: 



4 ^ AH > 



tRSH 



*CAS 



*CAH 



t CWl 



tRWL 






-£ 



HH 



*CRP 




■ V!HorV| L 



** Invalid Dout comes out, wnenOE is low level. 
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HM5 11664 Series 

• Read-Modify-Write Cycle 



RAS 



CAS 



"\ 



Address 



UW 



LW 



Din 



I/O t -I/O 16 



Oout • 



OE 



tRWC 



^CD 



*=^=* 



/ \ 



k.RP 



tozo 

— H 



V :- 

Douij\ 

tOAC ^ "' 

-4 — H 




*OFF2 



*Q£H 



-4 W^ODD 



_r 



3^ 



V !H orV, L 
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HM511664 Series 



• Read Modify Upper Byte Write Cycle 



RAS 



CAS 



\ 



USR, 



Address 



tqwc 



"<L 



J/ 



^CD 



Use, 



\ 



i 



*=* 



*CRP 




♦ V, H or V, L 
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HM511664 Series 

• Read Modify Lower Byte Write Cycle 



RAS 



CAS 



J \ 



tASR, 



Address 



UW 




*RWC 



"L. 



V 



t RCD 



a ^£2 * 



Use, 



< t9AH > 



Row 



Din 
1/09-1/016 

Dout 



OE 




*RCS 
tRWO 



"tRAC" 



\ 



.1 



y 



High-Z 




Column 



<^=± 



*CRP 



*CWO 



*AWQ 



tAA 



"^CAC 



■7 bout y 



tCWL 



Jawj_ 



t ozg i 



*OAC 

4 >J 



4 Oou \ 



*OFF2 



tODD 



*OEH 







3^ 



: V, H or V, L 
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HM511664 Series 



• RAS Only Refresh Cycle 



RAS 



"\ 



kRP, 



CAS %g ' 



Address 



1/01-1/016 
Dout 




tRC 



tRAS 



I 



tRP 



|tRPC 



kRP 

4— V 



< ^ ► 

*ASR 



Row 




High-Z 



OE.U W, LW :V, H orV, L 
WtUfa : v iHOrV !L 
' Refresh address : AO - A7 (AXO - AX7) 



• CAS Before RAS Refresh Cycle 



RAS 



tup 



CAS 



Address 



ill 



fs^l 



t«c 



A 



"tPAS 
« =2— *» 



% 



J- 



trHR 



1/01-1/016 



Dout > 



tCPN 

1 



< tRP > 






X 



4^ 



t«c 



X 



< t,AS > i 



-c. 



tpp 

* — - — ► 



f \ 



*CHR 



J5- 



_/■ 



JCRP 




High-Z 



* sJiil : v iH<>rV, L 
** UW, LW,OE v tHOrV, L 
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HM511664 Series 



• Hidden Refresh Cycle 



RAS 



CAS 



v I 



USR 



Address : 



tRAH 



tRC 



tRAS ^ tqp _ 



(Read) 



^sh. 



< '* co > 



\. 



_ tAS M 



Row 



/fV'l 



tRCS 



tp«-> 



LW 



, tRAC 



tRC 



4 2*2 ► 

(Refresh) 



TL 



tRP , 



■r\ 



tRC 



(Refresh) 



I/ 



J 



tCHR 



tRP k 






4— t R AL 



tCAH 

•4 ► 



Column 



Oout 



1/01-1/016 



-*r 




Aac 



tAA 



High-Z 



Dout 



tCPP 



I 




tQFF2 



tRCH 



tRRH 



^ 




tRCH 

-jj tRRH 




tQFFI 



> 
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HM511664 Series 



• Fast Page Mode Read Cycle 



RAS 



*ASR 



Address 



tPASC 



kSH 



tRCD 



tRAH 



Row 



UW 



Din 



Dout 



OE 



Use 

— ► 




*RCS 



tRCS 




tozc 



*RAC 



*OXS 



Jf 



/ 



tfAH^ 



Col. 



tPC 



Use 



t RO^ 



tRO^ 



*CDD 

— ► 



High-Z 



tooo 

— P 



tfAC, 



•AA 



t OA 1 C 



4qzq^ 



tRCS_ 

■^ 






^iCAS^ 



tCAH 

-« ► 



Col. 



4 ^HCP 



" 



«J2-> 



f\ 



Use 



x.r 



*RCS_ 

-4 — 



*DZC 



tOFFI 

— K 



I Dout ^* 



*OFF2 



tRCH 



t 5 c 4. 



tCDO. 



Hiah-Z 



*CAC 

4 ». 



*AA 

■4—== ► 

'tACP . 



.L :.: 



tozo 




t<DAC 



tRCS 

4 



3^ 



"V. 



tRAL, 



tCAH 



Col. 



-( Dout > 



.r 



tCAS 



. tRP . 



i 



^CRjJ 




tRCS 



tRRH 



.tRRH 



' tozc 



Hiah-Z 



tCAC 



*AA 



tACP 



tOFM t 
fjH— tozo 
A ► 



tODD 



t(}FF2 



^OAC 
A ► 



tRCH 



tRCH 





koo 




{ Dout ^ 



toOD 

tOFF1 

4 



t<DFF2 



_r 



^ :V, H orV, L 
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HM511664 Series 

• Fast Page Mode Early Write Cycle 



RAS 



\. 



tT— ^ 



CAS 



Address \ 



tASR 

4— ** 



tRASC 



kSH 



2£S J^ca^ 



-\ i 



Row 



*RAH 



tAS W 



^W 



Col. 



uw 



LW 



Din \ 



1/01-1/016 



Dout 



twcs 




^^twCH 



J' 



tPC 



— **-* 






\H> 



. kAS, 



&l 



1:. 



Col. 



twcs 



tCWL 



^♦tyvCH 





Usj 



*R$H 



, kAS , 



v_/ 



tCAH 



Col. 



twcs,, 




t CWl 



twcs . 



kRP 



twCH 



High-Z 



OE V|HorV, L 
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HM511664 Series 



• Fast Page Mode Upper Byte Early Write Cycle 



RAS \ 



t T — ► 



CAS 



Address : 



tASR 



T 



tRASC 



Y 



*CSH 



T~ tRCD > 



'\ 



Oin 



I/0 1-1/08 



Dout- 



Din : 



1/09-1/016 



Dout- 



" 7" 



*CAS 



tpc 



«-^L> 



\ 



, t CAS J 






*RSH 



*CAS 



.6 



./ 



*-^. 



*CRP 





«-^ 



High-Z 



Dinl 



JOH 



J-> 



**-+ 



1- 



Din2 



*DH 




jfW^X 



Jos 



4244 



DinN 




High-Z 



* OE :V, H orV, L 
* ^^ :V, H orV, L 
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HM511664 Series 



• Fast Page Mode Lower Byte Early Write Cycle 



RAS 



tT— W 



CAS 



Address - 



tASR 
-4— ► 



^ASC 



kSH 



r~ tqc ° — ► 



"\ 



tRAH 



Row \i 



J< 



k.r 



*CAS 
4 w ► 



T 



x £% 



Col. 



LW 



Din 



1/01-1/08 



Oout • 



1/09-1/016 



Dout 




twcs 




tos 

4 s2-*j 



tpc 



tCP 



4^ 



.r 



■\_ 



tCAS 



/" 



^ 



Col. 



tMCH 

— ► 



-OtwCH 



twcs 




Dinl 



tpH 



"^ 



tos 



«-i2-* 



4^t 



tRSH 



r ^AS , 



/ V 



kAH 



Col. 



f %- 



tMCH 



► 



"OtwCH 



twcs 



Din2 



tOH 



tos 



twCH 




42^ 



DinN 



High-Z 



High-Z 



*-^-+ 



tCRP 






* OE :V, H orV, L 
: V, H orV, L 
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HM511664 Series 



• Fast Page Mode Delayed Write Cycle 



RAS 



CAS 



Address v. 



*ASR 



tRASC 



"<L 



/ 



Jrcd 



^ tcAS 



— ►■ 



*RAH 



tCAH 



I 



tpc 



4 b£-^ 



\. 



\ 



Use 



*CAS 
4 ^ A> ► 



"sL 



tCAH 



o-i^ 



"\ 



Use 



t CWL 



1/01-1/016 



Dout 



tODD * 



OE ^ 



< t,,SH > , 



l CAS 



■vL. 



*-^ 



1. 



/ 



^kRP^ 



A- 



High-Z 





V| H orV, L 
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HM511664 Series 



• Fast Page Mode Upper Byte Delayed Write Cycle 




Dout 



tODD" ► 



OE 



High-Z 




V, H orV tL 
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HM511664 Series 



• Fast Page Mode Lower Byte Delayed Write Cycle 



RAS 



\ 



CAS 



tASR 



Address : 



*csh 



/ 



4 i22_H. 



"\ 



Use 



t CAS 



J" 



to C 



4-^ 



S- l A 



LW 



Din 

1/01-1/08 

Dout 




tos 



+12&-+ 



"K 



tOH 



_r 



Din 



tCP 



tRCS 

tosh 




4 tq5H » | 



kAS 



T 



Din 



tQH 



1 H 



*CRP 




tRCS 



tos 




Din 



High-Z 



tQH 




Din 



1/09-1/016 




Dout 



tQDD ► 



OE 




High-Z 



toEH , 




V| H orV, L 
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HM511664 Series 

• Fast Page Mode Read-Modify-Write Cycle 



oa( : 




^Dout^ 



Oom^ 



V 



-vm 



<o**[ 



4 tQQQ 
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HM511664 Series 



• Fast Page Mode Read-Modify-Upper-Byte-Write Cycle 




Vim or V,,. 




HITACHI 
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HM511664 Series 

• Fast Page Mode Read-Modify-Lower-Byte-Write Cycle 




V| M orV, t 
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HM511664 Series 



• CAS Before RAS Refresh Counter Check Cycle (Read) 



RAS 



\ 



CAS 



+^15-* 



Address 



UW 



LW 



1/01-1/016 



Dout 



OE 






< tCHR > 



/ 



trPT 
< — ► 




tRCS 




l RCS 



*ozc 




High-Z 



\ 



< J5SH * 



*CAS 



*CAH 



tqp 



1 



Column 



\ 



tCRP 




tRRH 



High-Z 



*dzo 




Ioac 



t CAC 



^tRCH^ 



< tCDD » l 



^t0FM_^ 



Dout 



^tO£F2^ 



< t0DD H 



: V IH orV, L 
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HM511664 Series — 

• CAS Before RAS Refresh Counter Check Cycle (Write) 



RAS 



\ 



CAS 



^U 



1L 



Address 



UW 



LW 



Din 



1/01-1/016 



Dout • 



OE 



J- 



/ 



t ASC 




tqsH 



*CAS 



-\_ 



l CAH 



t 



J' 



Column 





.to 




tcWL 



tRWL 



*cwi 



tawi 



«— 522 „ 



Din 



High-Z 



v 



tCRP 






: V, H orV, L 
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HM511664/L Series 

65,536-Word x 16-Bit Dynamic RAM 

■ DESCRIPTION 

The Hitachi HM511664/HM511664L are CMOS dynamic 
RAM organized as 65,536-word x 16-bit. HM511664/ 
HM511664L have realized higher density, higher perform- 
ance and various functions by employing 0.8 jam CMOS pro- 
cess technology and some new CMOS circuit design tech- 
nologies. The HM511664/HM511664L offer Fast Page 
Mode as a high speed access mode. 

Multiplexed address input permits the HM511664/ 
HM511664L to be packaged in standard 400 mil 40-pin plas- 
tic SOJ, standard 475 mil 40-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 80 ns/1 00 ns (max) 

• Low Power Dissipation 

Active Mode 633 mW/495 mW (max) 

Standby Mode (TTL) 1 1 mW (max) 

Standby Mode (CMOS) 5.5 mW (max) 

1.1 mW (max) (L- Version) 

• Fast Page Mode Capability 

• Byte Write Capability 

• 256 Refresh Cycles (4 ms) 

(32 ms) (L- Version) 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• Battery Back-up Operation 

HM511664L Series (L- Version) 

■ PIN DESCRIPTION 



Preliminary 



Pin Name 


Function 


A0-A7 


Address Input 
Refresh Address Input 


I/Oi-I/Oi 6 


Data-in/Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


UW 


Read/Upper Byte Write Enable 


LW 


Read/Lower Byte Write Enable 


OE 


Output Enable 


Vcc 1 


Power ( + 5V) 


v S s 2 


Ground 


NC 


No Connection 



Notes: 1. This device has 3 V cc pins (SOJ: 1, 11, 20 pin/ZIP: 
13, 21, 30 pin). All Vcc P ms mu st be connected 
with the same power-supply wiring on the memory 
board. 
2. This device has 3 V S s pins (SOJ: 21, 30, 40 pin/ 
ZIP: 10, 33, 40 pin). All Vgs pins must be connect- 
ed with the same ground wiring on the memory 
board. 



HM511664JP Series 




(CP-40D) 



HM511664ZP Series 




(ZP-40) 




PIN OUT 



HM511664JP Series 



VccCl 
I/01C2 
I/02C3 
1/03 D4 
1/04 C 5 
1/05 C 6 
I/06C7 
1/07 C 8 
I/08C9 
NCC10 
VccCll 
UWC12 
LWC13 
RAS C 14 
A0C15 
A1C16 
A2C17 
A3C18 
A4C19 
V CC C20 



40pV ss 
39bl/016 
38 3 1/015 
37 3 1/014 
36DI/013 
35DI/012 
34DI/011 
33 31/010 
32 3 1/09 
31DNC 
30 DV SS 
29Z3CAS 
28 DOE 
27DNC 
26I3NC 
25 3NC 
24DA7 
23DA6 
22DA5 
21 HV SS 



(Top View) 



HM511664ZP Series 




(Bottom View) 



ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HM511664JP-8 
HM511664JP-10 


80 ns 
100 ns 


400 mil 40-pin 
Plastic SOJ 


HM511664LJ-8 
HM511664LJ-10 


80 ns 
100 ns 


(CP-40D) 


HM511664ZP-8 
HM511664ZP-10 


80 ns 
100 ns 


475 mil 40-pin 
Plastic ZIP 


HM511664LZ-8 
HM511664LZ-10 


80 ns 
100 ns 


(ZP-40) 
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HM511664/L Series - 
■ BLOCK DIAGRAM 



LW 



UW 



Lower Byte 
Write Control 
Circuit 



RAS 



Upper Byte 
Write Control 
Circuit 



«-r 



CAS 



RAS Control 
Circuit 



T 



OE 



CAS Control 
Circuit 



T 



OE Control 
Circuit 





1/016 




1/015 




1/014 




1/013 




1/012 




1/011 




I/O10 




1/09 




; 




; 




X 




X 




; 








^ 




1 


L* 


I/OB utter 




I/OBufler 




I/OBufTer 




I/OBuffer 




I/OBuiTer 




yOBuiTer 




I/OBuiTer 




I/OBuffer 



1/08 



i_ 



I/OBuiTer 



1/07 



1/06 



I/OBufTer 



I/OBufTer 



"ir +ir*rjr 



1/05 



I 



1/04 



I/OBuiTer 



I/OBuiTer 



1/03 



1/02 



I/OBuiTer 



I/OBuiTer 



h^ 



1/01 



I/OBufTer 



128k 
Memory 
Cell 
Array 



Column 
Decoder 
Sense 
Amp& 
I/O Bus 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



Column 
Decoder 
Sense 
Amp& 
I/O Bus 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



Column 
Decoder 
Sense 
Amp& 
I/O Bus 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



Column 
Decoder 
Sense 
Amp& 
I/O Bus 



128k 
Memory 
Celt 
Array 



1 



Row Decoder & Driver 



Column Address Buffer 



Row Address Buffer 



Address A0-A7 
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HM511664/L Series 



TRUTH TABLE 



Inputs 


I/O 


Operation 
















RAS 


CAS 


LW 


UW 


OE 


I/Oi-I/Og 


I/0 9 -I/0 16 




H 


H 


H 


H 


H 


High-Z 


High-Z 


Standby 


L 


H 


H 


H 


H 


High-Z 


High-Z 


Refresh 


L 


L 


H 


H 


L 


D out 


D ut 


Read 


L 


L 


L 


H 


H 


Din 


Don't Care 


Lower Byte Write 


L 


L 


H 


L 


H 


Don't Care 


D m 


Upper Byte Write 


L 


L 


L 


L 


H 


D in 


D in 


Word Write 


L 


L 


L 


L 


H 


High-Z 


High-Z 





ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vgs 


v T 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§s 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


!out 


50 


mA 


Power Dissipation 


P T 


0.8 


W 


Operating Temperature 


Topr 


to + 70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°C 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to +70°C) 




Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low 


(I/Oi Pin) 


VlL 


-0.5 


— 


0.8 


V 


1,2 


Voltage 


(Others) 


VlL 


-1.0 


— 


0.8 


V 


1,2 



Notes: 



1. All voltage referenced to Vgs- 

2. The device will withstand undershoots to the 
figure 1.) 



- 2V level with a maximum pulse width of 20 ns at the — 1.5V level. (See 













0145-4 


VlH 


\ 


\ 




/ 


-1.0 V 


-> 


V 




-1.5 V 




s- 


-2.0 V 
20 ns(max) 



Figure 1. Undershoot of input voltage 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



157 



HM511664/L Series 



• DC Electrical Characteristics (T A 


= OtO +70°C, V C c = 


= 5V +10%, V S s = 0V) 






Parameter 


Symbol 


HM511664-8 
HM511664L-8 


HM51 1664-10 
HM511664L-10 


Unit 


Test Conditions 


Note 




Min 


Max 


Min 


Max 




Operating Current 


icci 


- 


115 


- 


90 


mA 


RAS, CAS Cycling 
t RC = Min 


1,2 


Standby Current 


ICC2 


2 


mA 


TTL Interface 
RAS, CAS = V IH , 
D ut = High-Z 


4 


• 


mA 


CMOS Interface RAS, 
CAS > V CC ~ 0.2V, 
D out = High-Z 


4 


(L-Version) 
Standby Current 


ICC2 


- 


200 


- 


200 


juA 


CMOS Interface RAS, 
CAS - V IH , 
WE, OE, Address and 
Din=Vi H orV IL 
D out = High-Z 


5 


RAS Only Refresh Current 


ICC3 


— 


115 


— 


90 


mA 


tRC = Min 


2 


CAS Before RAS Refresh 
Current 


J CC6 


- 


115 


- 


90 


mA 


tRC = Mln 




Fast Page Mode Current 


ICC7 


— 


100 


— 


85 


mA 


tpc = Min 


1,3 


(L-Version) 
Battery Back-up 
Operating 
Current 
(Standby with 
CBR Refresh) 


iccio 


- 


300 


- 


300 


juA 


tRC = 125 jus 

tRAS ^ 1 /*s 

WE = V ffl ,CAS = V IL 

OE, Address and 

D ln = V IH orV IL 

D out = High-Z 


5 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


juA 


0V < V ln < 6.5V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


juA 


0V < V out < 5.5V, 
D ut = Disable 




Output High Voltage 


VOH 


2.4 


v C c 


2.4 


v C c 


V 


HighI 0Ut = -2.5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 


V 


LowI out = 2.1 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice max is specified at the output open condition. 

2. Address can be changed once or less while RAS = Vjl. 

3. Address can be changed once or less while CAS = Vm- 

4. Clock voltages (RAS and CAS) must be applied simultaneously with or prior to applying supply voltage. 

5. V cc - 0.2V < V IH < 6.5V and 0V < V IL < 0.2V. 

• Capacitance (T A = 25°C, Vcc = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


C12 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


Cl/O 


— 


7 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 
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HM511664/L Series 



• AC Characteristics (T A = o to + 70°C, V C c 
Test Conditions 



5V ±10%, V S s = 0V)L 14, 15, 16 



Input Rise and Fall Times: 
Input Timing Reference Levels: 
Output Load: 



5 ns 

0.8V, 2.4V 

1 TTL Gate + C L (50 pF) 

(Including scope and jig) 



Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 












Parameter 


Symbol 


HM511664-8 
HM511664L-8 


HM51 1664-10 
HM511664L-10 


Unit 


Note 




Min 


Max 


Min 


Max 




Random Read or Write Cycle Time 


*RC 


135 


— 


170 


— 


ns 




RAS Precharge Time 


tRP 


45 


— 


60 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


*CAS 


30 


10000 


40 


10000 


ns 




Row Address Setup Time 


tASR 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


50 


20 


60 


ns 


8 


RAS to Column Address Delay Time 


*RAD 


15 


35 


15 


45 


ns 


9 


RAS Hold Time 


tRSH 


30 


— 


40 


— 


ns 




CAS Hold Time 


tCSH 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


ns 




OE to D in Delay Time 


tODD 


15 


— 


15 


— 


ns 




OE Delay Time from D in 


tDZO 





— 





— 


ns 




CAS Setup Time from D ln 


*DZC 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


4 


— 


4 


ms 






— 


32 


— 


32 


ms 


L-Version 


Read Cycle 


Parameter 


Symbol 


HM5 11664-8 
HM511664L-8 


HM51 1664-10 
HM511664L-10 


Unit 


Note 




Min 


Max 


Min 


Max 




Access Time from RAS 


tRAC 


— 


80 


— 


100 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


30 


— 


40 


ns 


3, 4, 13 


Access Time from Address 


*AA 


— 


45 


— 


55 


ns 


3, 5, 13 


Access Time from OE 


k)AC 


— 


30 


— 


40 


ns 




Read Command Setup Time 


tRCS 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 





— 





— 


ns 




Column Address to RAS Lead Time 


tRAL 


45 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


k)FFl 





20 





20 


ns 


6 


Output Buffer Turn-off to OE 


tOFF2 





15 





15 


ns 


6 


CAS to Di n Delay Time 


tCDD 


20 


— 


20 


— 


ns 




RAS Hold Time Referenced to OE 


tROH 


10 


— 


10 


— 


ns 
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HM511664/L Series 
Write Cycle 



Parameter 


Symbol 


HM511664-8 
HM511664L-8 


HM51 1664-10 
HM511664L-10 


Unit 


Note 




Min 


Max 


Min 


Max 




Write Command Setup Time 


twcs 





— 





— 


ns 


10 


Write Command Hold Time 


*WCH 


15 


— 


15 


— 


ns 




Write Command Pulse Width 


t W p 


15 


— 


15 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


20 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


20 


— 


20 


— 


ns 




Data-in Setup Time 


*ds 





— 





— 


ns 


11 


Data-in Hold Time 


tDH 


15 


— 


15 


— 


ns 


11 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM511664-8 
HM511664L-8 


HM51 1664-10 
HM511664L-10 


Unit 


Note 




Min 


Max 


Min 


Max 




Read-Modify-Write Cycle Time 


tRWC 


185 


— 


220 


— 


ns 




RAS to WE Delay Time 


tRWD 


105 


— 


125 


— 


ns 


10 


CAS to WE Delay Time 


*CWD 


55 


— 


65 


— 


ns 


10 


Column Address to WE Delay Time 


*AWD 


70 


— 


80 


— 


ns 


10,13 


OE Hold Time from WE 


tOEH 


15 


- 


15 


- 


ns 





Refresh Cycle 
















Parameter 


Symbol 


HM5 11664-8 
HM511664L-8 


HM511664-10 
HM511664L-10 


Unit 


Note 




Min 


Max 


Min 


Max 




CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


ns 




CAS Precharge Time in Normal Mode 


tCPN 


10 


- 


10 


- 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HM51 1664-8 
HM511664L-8 


HM51 1664-10 
HM511664L-10 


Unit 


Note 




Min 


Max 


Min 


Max 




Fast Page Mode Cycle Time 


tpc 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


*CP 


10 


— 


10 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


80 


100000 


100 


100000 


ns 


12 


Access Time from CAS Precharge 


*ACP 


— 


50 


— 


60 


ns 


3,13 


RAS Hold Time from CAS Precharge 


tRHCP 


45 


— 


55 


— 


ns 




Fast Page Mode Read-Modify- 
Write Cycle CAS Precharge 
to WE Delay Time 


tCPW 


70 


- 


80 


- 


ns 




Fast Page Mode Read-Modify- 
Write Cycle Time 


tpCM 


100 


- 


110 


- 


ns 





Counter Test Cycle 
















Parameter 


Symbol 


HM51 1664-8 
HM511664L-8 


HM51 1664-10 
HM511664L-10 


Unit 


Note 




Min 


Max 


Min 


Max 




CAS Precharge Time in 
Counter Test Cycle 


tCPT 


40 


- 


40 


- 


ns 
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HM511664/L Series 



Byte Write Mode 
















Parameter 


Symbol 


HM51 1664-8 
HM511664L-8 


HM511664-10 
HM511664L-10 


Unit 


Note 




Min 


Max 


Min 


Max 




Masked Write Setup Time 


tMCS 





— 





— 


ns 




Masked Write Hold Time 
Referenced to RAS 


*MRH 





- 





- 


ns 




Masked Write Hold Time 
Referenced to CAS 


tMCH 





- 





- 


ns 





Notes: 1. AC measurements assume tj = 5 ns. 

2. Assumes that tRCE) ^ tRCD (max) and tR A D - *RAD (max). If tRCD or tRAD * s greater than the maximum recommended 
value shown in this table, tR A c exceeds the value shown. 

3. Measured with a load circuit equivalent to 1 TTL load and 50 pF. 

4. Assumes that t RC D *■ tRCD (max) and (t RCD - tRAi>) ^ [t RC D (max) - t RA D (max)]. 

5. Assumes that t RAD > tRA D (max) and (t RC D - t RAD ) ^ [tRCD (max) - t RAD (max)]. t RAC , t CAC , and t AA are 
determined as follows. 



tRAD^s] 
t RAD max - 
t RAD min. 




r AA 


/ 

^Z^RAD = t RC D - [t RCD (max) - t RAD (max)] 
/ tCAC 


tRAC 






i 
i 




t RCD min - "tRCD max - 
tRCDt 113 ] 

0145-5 




6- toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vjh (min) and Vtl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vm and Vjl- 

8. Operation with the tRCD (max) limit insures that tR A c (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD i s greater than the specified tRCD (max) limit, then access time is controlled exclusively by tc A o 

9. Operation with the tR A o (max) limit insures that tR A c (max) can be met, tR^o (max) is specified as a reference point only, 
if tR A o is greater than the specified tR/vo (max) limit, then access time is controlled exclusively by t AA . 

10. twcs» *RWD> tcwD an d t A wD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if t\ycs - twcs ( mm )» the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD ^ tRWD (min), tcwD ^ tcwD (min), t A wD - *AWD (min) and 
tcPW - tCPW (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tR A sc defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of t AA or tc A c or t A cp- 

14. An initial pause of 100 jus is required after power up followed by a minimum of eight initialization cycle s (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to th e device. 

16. When both LW and UW go low at the same time, all 16-bits data are written into the device. LW and UW cannot be 
staggered within the same write cycle. 
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HM511664/L Series 



I TIMING WAVEFORMS 
> Read Cycle 



RAS 



CAS 



Address 



UW 



LW 



Dout- 
1/01-1/016 



».i 



tASR 




tRC 



*RAS 



J- 



^RCD 



"\ 



tRAD 

< ► 

t RAH t A SC 
< — > 



Row 



J 





*RCS 




*RCS 



tRSH 



kAS 



kSH 



■^ 



*RAl 



I 



4^. 



Column 



High-Z 



*RAC 




< tDZC H 



X 



^. 



tRP 



*CRP 




*CAC 



<- 



*AA 



t OAC 



High-Z 



tozo 




*RCH 




^RCH 



*RRH 




V///////M 



*0FF1 



Dout 



tROH 



i 



*0FF2 



*ODD 





: ViuorVn 
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HM511664/L Series 



• Early Write Cycle 



RAS 



CAS 



Address 



LW 



Din : 



1/01-1/016 



Dout_ 



"\ 



^ 




tRC 



M-~\ 



kSH 



\ 



l*RAH 



-L 



Row 




TW//AX 



Use 



_r 



tRSH 



t CAS 



J' 



s 



kRp 



< tcAH > 



Column 





gk 



twes 




, tp s > 




twCH 




twCH 



< t0H > 



Din 



High-Z 






^ :V iH orV IL 
OE : V lH or V !L 
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HM511664/L Series 

• Upper Byte Early Write Cycle 



RAS 



CAS 



Address 



UW 



LW 



Din 



1/01-1/08 

Dout- 

Din 

1/09-1/016 

Dout 



"\ 




^ 



tRC 



tRAS 



*RCD 



kSH 



i- 



V 



Row 



*RAH 




*ASC 



tRSH 



*CAS 



J' 



4 tCAH > 



Column 





twcs 




*MCS 




< tDS » < tDH > 



A 



T 



<< * 



tCR? 




twCH 




tMCH 



tMRH 



m 





High-Z 



Din 




High-Z 



MM :V 'H° rV >L 
** OE : V, H orV, L 
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HM511664/L Series 



• Lower Byte Early Write Cycle 



RAS 



\ 



CAS 



^m 



Address 




tRC 



*RAS 



*RCD 



t CSH 



\ 



Row 

t T 



*RAH 




Use 



*RSH 



tCAS 



s 



1 



4 XCAH > 



Column 



UW 




1/01-1/08 



Dout 



Din 



1/09-1/016 

Dout 



*wcs 



«.RP 
< ^ 



kRP 




.tjVlCH 



4 t MRH 







High-Z 










^^^H 


^^^^H 


'/A''///} 


lilHHP 


ill 


High-Z 



% 



* W%\ : V IH orV IL 



OE : V| H orVn 
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HM511664/L Series 



Delayed Write Cycle 



RAS 



"\ 



CAS 



USR , 



Address 




tRC 



tRAS 



/ 



tCSH 



*RCD 



^- 



\r 



Use — ► 



tRAH 
+ 222 ^ 



Row 






*RSH 



*CAS 



*CAH 



kwi 



tRWL 



Column 



*RCS 



UW W/s 



uw 



LW 





*RCS 




1/01-1/016 



tozo. 



^02C^ 



Dout- 



06 




^L 



tos, 



*ODD 



tRP 



kRP 




kwi 




" tOH 



Din 




tOEH 

< ► 



lnvalid~r 
Dout**_i 




t 0FF2 



~r 




* Wa 



_ : V IH or V !L 

Invalid Dout comes out, when OE is low level. 
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HM511664/L Series 



• Upper Byte Delayed Write Cycle 



i. 



RAS 



CAS 



\ 



USR, 



Address 



tRC 



"L. 



*RAS 



A 



l CSH 



*RCD 



A- 



Use — ► 



. *RAH 



OE 



"L 



tRSH 



*CAS 



/ 



kAH 



kwi 



tRWL 



X 



Uo 



t CRP 



V 




*OFF2 




V| H orV, L 



Invalid Dout comes out, when OE is low level. 
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HM511664/L Series 

• Lower Byte Delayed Write Cycle 



RAS 



\ 



CAS 



USR, 



Address 



tRC 



"<L 



tRAS 



/ 



t CSH 



tRCD 



"\ 



Use — ► 



*RAH 



OE 



*RSH 



kAS 



/ 



kAH 



kwi 



tRWL 



J- i- 



fc^r 



kRP 




JT 



tQFF2 




^ :V IH orV, L 



** Invalid Dout comes out, when OE is low level. 
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HM511664/L Series 



• Read-Modify-Write Cycle 



RAS 



CAS 



\ 



USR, 



Address 




*RWC 



"v_ 



/ \ 



t RCD 



"i. 



\ 



< X -^2 „ 



< tRAH > 



Row 



UW 




-L 



tRCS 
tRWD 



^r 



t RCS 
tRWD 



LW 




J" 



^T 



<-SsU 



Column 



tRAC 



Din 





I/O! -I/O 16 



Dout 



tozo 

— ► 



tozc 
« ► 



kR? 




tcwp w 

< >» 



UWD 




4 tcwp 



tAWO 



Ua 



High-Z 



OE 



2& 



to AC T "' 

4 ► 



tos 



DoutjV 



tcWL 



tRWl 



tcWL 



tRWL 




tOH 

<« »f 



Din 



tQFF2 




tQEH 



tODD 



_r 




V, H orV !L 
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HM511664/L Series 

• Read Modify Upper Byte Write Cycle 



RAS 



CAS 



\ 



USR, 



Address 



Uly- 



tRWC 



1 N. 



*RCD 



A ^ + 



Use, 



*RAH 



Row 



X. 



uw 



LW 



1/01-1/08 

Dout 



Din %* 

i/09-1/016 

Dout- 



f \ 



*RCS 
tRWD 




t MCS 




""tRAC" 



\ 



I 



< tCAH > 



Column 



tj. 



tCRP 



V 




^ kWD ^ 



*AWD 



^—tCAC 



JCWL 



.^WL 






tpZC) 



«-^ 



^Doui^ 



High-Z 




tQAC 



X 



/DoutV 



tos f 
3< Din \Y/// 



^0FF2 



*00D 




tOEH 




V,riOrV,i 



170 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM511664/L Series 



• Read Modify Lower Byte Write Cycle 



RAS 



\ 



Address 



OE 



*RWC 



_r 



J/ 



T 



*RCD 



*^=*r 



kRP 




t OZO_, 



tOAC 
4 ► 



*OFF2 



tQDO 



tQF.H 






V IH orV IL 
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HM511664/L Series 



• RAS Only Refresh Cycle 



RAS 



CAS 



"\ 



*CRP 




Address 



I/0 1-1/0 16 
Dout 




tRC 



"V- 



*RAS 



I 



tRP 



tRPC 



kRP 
-< — ^ 




*RAH 
JUSR 



Row 




High-Z 



OE, U W, LW : V, H or V| L 
H :V, H orV, L 



** Refresh address : AO - A7 (AXO - AX7) 



• CAS Before RAS Refresh Cycle 



RAS 



« !fiE H 






CAS 



Address 



f-PV 



A 



tRC 



"\ 



< tRAS » 



~v_ 



1 



-C 



tCHR^ 



X 



*cpn 

^ — 



< tRP » 






/ X 



jst 



tRC 



\ 



< tRAS > 



< tRP » 



r\ 



kHR 



X 



^ 



JCRP 




tQFFI 



1/01-1/016 



Dout )■ 



High-Z 



^ : V, H orV IL 



** UW, LW.OE : v iHorV 1L 
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HM511664/L Series 



> Hidden Refresh Cycle 



RAS 



CAS 



\ Y 



tASR 



Address : 



^rah 






tRC 



< tRAS ► 



(Read) 



*"~ *RSH k 



< tRCD > 



i. 



V 



Use, 



tRAD w 



^ ^-> 



Row 



-f 



■r 



tRCS 



uw 




t RC5-> 




tRAC 



+}*L+ 



tRC 



\ 



< iRAS » 



(Refresh) 



jl 



t*P 



tRC 



-^ -r 



\ 



kAS 



< tRAS » 

(Refresh) 



"L 



J 



.C 



I 



*CHR 



*— t RAL 

tCAH 

4 ► 



Column 



Dout 



1/01-1/016 



Din 




*&£+ 



tDZO 



OE 




JOA^ 



tCAC 



*AA 



High-Z 



Dout 



tRP^ 



tCRP 



/• 



\ 




KDFF2 



tRCH 



tRRH 



Ws 



tRCH 




tRRH 



mm 



tQFFI 



> 



koo 



^000^ 




W/ 
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HM511664/L Series 

• Fast Page Mode Read Cycle 



T 



RAS 



\ 



tT— * 



CAS 



tASR 



Address 



tRASC 



kSH 



tRCD 



i. 



< tRAD » 



tRAH 



Row 



tASC 

— ► 




UW 




*RCS 




tRCS 



Din 




tDZC 



*RAC 



Dout 



<^£U 



J- 



T 



t£AH 



Col. 



tpc 



t CP 



\. 



Use 




tRCH 



t RC^ 



tCDD 

— ► 



High-Z 



toDD 

— ► ■ 



■At. 



k>AC 



\ 



tRC JL 

-« 



, t CAS , 



J 



tCAH 



Col. 



tRHCP 



J" 



«< ► 



.r 



"\ 



Use 




^cs. 

■« — 




tozc 



tOFFl 

— 4- 



{ Dout 



t OFF2 




tRCH 



tRC^ 



kDO. 



High-Z 



kAC 

< * 



Ua 



t DZO 

« — ► 



tRCS 
« 



M 



t RAL 1 



kAH 



Col. 





tOF 



¥ of 

Dout 



-C 



l CAS 



< tRP > 



-4 



kRP 




tRCS 



,*RRH 



► 



kzc 



Hi 



gh-Z 



4 tCAC » 



tACP 



tozo 

A ► 



tODO 



tQAC 



;=rr 




_r 



tRCH 




tRCH 



^ 





tCDD 



Dout 






•4-+ 



tODD 

tOFFl 
4 



toFF? 



mh :V IH orV IL 
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HM511664/L Series 



• Fast Page Mode Early Write Cycle 



"X 



RAS 



\ 



tT— * 



CAS 



Address ; 



UsR 



tRASC 



r 



f 



kSH 



*RCD 



\ 



,-i 



Row 



*RAH 

Use 




«> 



*CAS 



A 



ftaw 



Co! 



UW 




LW 



Dm 



l/OM/016 



Dout 



*WCS 



o 




&22A 



twes 





«-i£L* 



OtyvCH 



tpc 



tCP 

< ±L-+ 



\ 




w\ 



Use 



, tcAS , 



t 



J' 



^ 



Col. 



twes 




tCWL 



*WCH 



*WCS 




JT 



"v_ 



Din 



JDH 




4^2 ► 



«-Jsu 



\ 



&$ 



-4> 



twCH 



*RSH 



, *CAS , 



J" 



*CAH 



twes. 



*CWL 



«■> 



twCH 





»»WCS w 




Din 



S 



tQH 




4sl> 



.a 



+?%-+ 



kRP 




twCH 



<WL , 



twCH 




&* 



Din 




High-Z 



OE :V| H orVn 



WSA ••V IH orV tL 
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HM511664/L Series 

• Fast Page Mode Upper Byte Early Write Cycle 



RAS 



\ 



t T -+ 



CAS 



Address '- 



tASR 



Jrasc 



J" 



7 



ksH 



t" tRCD — ► 



\ 1 



Row 



UW 



LW 



Din 



1/01-1/08 



Dout- 



Din - 



1/09-1/016 



Dout- 



tRAH 

Use 




«%£+ 



s 



&z 



Col. 



X. 



twes 





*MCS 



tpc 



<-^-> 






"\_ 



^tcA^ 



/" "\ 



t^AJ. 



*^-> 



!4^ 



*RSH 



«^> 



"v. 



/ 



*CAH 



tRP 
< ■ ► 



}- 



*crp 





mmk-t 



tos 

4 tS-*. 



High-Z 



Din1 



TL. 



JDH 




tW/////fX 



tos 

^2 ^ 



Din2 



tOH 




tos 



tQH 



.r 



DinN 




High-Z 



0£ :Vi H orV,i 



^ : V, H or V, L 
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HM511664/L Series 



• Fast Page Mode Lower Byte Early Write Cycle 



T 



RAS 



\ 



tT— > 



CAS 



X. 



Address : 



Usr! 



tRASC 



kSH 



< — t RCD 



"\ 



Row 



tRAH 

Use 




.r 



^CAS^ 



-C 



/ 



&* 



Col. 



uw 



LW 




tlVlCS 



twes 




Din 




<-*2-* 



tpc 



kp 



~\ 




4as£ 



JT 



^CAS^ 



^ 



Col. 



t_MCH 
*"~tMCS 




OtwCH 



twes 




Dinl 



1. 



JDH 




tos 



jr 



«-*a^ 



te£ 




^ss» — ► 

t t CAS , 



/ \ 



/ 



J' 



f 



tCAH 



Col. 



tMCH 



**""tMCS 

► 




■*>twCH 



twes 




£L 



Din2 



*DH 



Ids 



*RP 
< ► 



tCRP 




tMCH 
tMRH 




twCH 




«K 




1/01-1/08 



Dout 



High-Z 



Din 




1/09-1/016 



Dout 



High-Z 



OE :V, H orV, L 
V IH orV, L 
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HM511664/L Series 



• Fast Page Mode Delayed Write Cycle 



RAS 



\ 



CAS 



Address : 



Usr 



-\L 



tRASC 



kSH 



T 



< ^°-> 



"\ 



USC 

► 



Row 



*RAH 



tCAS 



X 



/ 



tCAH 



Col. 



uw 




tRCS 



LW 




tRCS 



tpc 



tCP 

« — ±Z-+ 



\ 



Use 




\ 



Din 




1/01-1/016 



Dout 



tQDD * 



OE 




tos 



"\ 



tCAS 



i 



Col. 



*- 



X. 



tcwi 
twp w 



^OH 



Din 



JT 



r 



tQH 
twP , 



JT 



r 



JT 



tCAH 



tCP 



\ 



Use 



tcWL 




\ 



tRCS 



tRCS 

tos 




"L 



< tRSH ► , 



tCAS 



"\L 



tCAH. 



Col. 



«-^wf_* 



tDH 



"\_ 



Din 



JT 



JT 
Y 



f 

J" 



tDH 



tRP 



f 



<£&+ 




"X 



tRCS 



tRCS 



tos 




\_ 



« f 

tyyp 

tRWL 



twp 

tRWL 



tcWL 




tcWL 



"\_ 




Dm 



tDH 




+S2L+ 



High-2 



Ws 




^Jm ■ 



: V, H orV IL 
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HM511664/L Series 



• Fast Page Mode Upper Byte Delayed Write Cycle 



RAS 



CAS 



*ASR 



Address : 



W"\ 



tRASC 



J- 



{/' 



kSH 



-. l5£2_* 



"X 



\ 



Use 

— ► 



tRAH 



Row 




*CAS 



/ 



*CAH 



Col. 



uw 



tRCS 



LW 




tlVlCS 
I — ► 



tpc 



< **» 



•A. 



Use 

— * 




tcwi"** 



\. 



< tcAS > 



./' \ 



tCAH 



Col. 



t w p 
— ► 



-L 

L 



tylCH 



^ 




4 ► 



■\ 



*RCS 



Wcs 
-—4— 



twp 



tMCH 



4 tRSH » 



tCAS 




./ 



.r 



-^ 




t CWL 



\ 



t RCS 



tMCS 



tRP 

4 > 



S 



tCRP 



*wp 



*RWl 






^CH 



tMRH 




Din 




1/01-1/08 



Dout 



Din 
l/09-!/016 
Dout 




tQDD ► 



OE 




tos 



High-Z 



tOH 



tos 



Din 



tQH 



Din 



tos 



-m 



*DH 



,7" 



Din 



High-Z 




<-0£H 



^^ 




# : V.uOrV,, 
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HM511664/L Series 

• Fast Page Mode Lower Byte Delayed Write Cycle 



RAS ~|\ 



CAS 



USR 



Address 



p; 



tRASC 



kSH 



,' 



« !52_». 



V 



Use 

— ► 



*-> 



(tRAH 



Row 




< tCAS > i 



/ 



tCAH 



Col. 



tMCS 

« — H 



uw 




tRCS 



LW 




1 N. 



r 



tpc 






\ 



Use. 




kwt' 



Din 

I/O 1-1/08 

Dout 



1/09-1/016 




tDS 



\ 



+*&-+ 



"\ 7 



./" \ 



Col. 



tMCH 




4^ — ► 



jt 



tOH 



Din 



tCAH 



-< ► 



Usc w 




tlWl 



*MCS 

-« 



"\ 



tRCS 

tos 




4 tRSH H 



tCAS 



^SU 



Col. 



"L 



tlVlCH 




«i2£* 



7" 



Din 



tDH 



tRP 
1 ► 



/ 



_r 



kRP 




^CS 



tRCS 



tos 




"\ 



tcWL 



twP 



tRWL 



tMCH 
tMRH 





Din 



High-Z 



tOH 





Dout 



tQDD ► 




High-Z 



JOEH , 



1H1P 



V| H orV, L 
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HM511664/L Series 



• Fast Page Mode Read-Modify-Write Cycle 




M : V.HOTV,,. 
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HM511664/L Series 

• Fast Page Mode Read-Modify-Upper-Byte-Write Cycle 



"\ 



1 



D.n i 



1/09-VOlS 

Dout " 



J/ 



tCAM 

-< ► 



\. 



tASC 



U«\ 



to.:c 




„tOAC 

<Doutr 



^tCAC 

High-Z 



<Dout£- 



1 



'ozc 



to*c 
{ Ooul y 



tCAC 
High-Z 



<Dou$- 



• t<jf?2 



/ \ 

Din 



tore 



^ 



^Ifipo 



*OAC 



tCAC 



High-Z 



<OouJ 



H / 




tCAM 

* ► 









\ 




^00 
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HM511664/L Series 



1 Fast Page Mode Read-Modify-Lower-Byte-Write Cycle 



RAS -- 



t«A C 




\ 
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HM511664/L Series 



• CAS Before RAS Refresh Counter Check Cycle (Read) 



RAS 



V 



CAS 



"v_ 



*^a* 



Address 



uw 



LW 



I/0 1 -I/O 16 



Dout 



J" 



T 



4 tCHR » 



Jt 



4 tCPT » 



Use 




t RCS 




tpZC 




High-Z 



\ 



^_l2iH „ 



*CAS 



"V_ 



*CAH 



*— H5E „ 



i. 



/ 



Column 



kRP 




tRRH 



*RRH 



High-Z 



k>ZO 




\OAC 



tCAC 



tRCH , 




4 tCDD » 



^2£E2-> 



Dout 



«-^ 



tpOD 




: V 1H or V, L 
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HM511664/L Series 



• CAS Before RAS Refresh Counter Check Cycle (Write) 
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HM511665 Series 

65,536- Word x 16-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM511665 are CMOS dynamic RAM orga- 
nized as 65,536-word x 16-bit. HM511665 have realized 
higher density, higher performance and various functions by 
employing 0.8 jam CMOS process technology and some 
new CMOS circuit design technologies. The HM511665 offer 
Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM511665 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard 
475 mil 40-pin plastic ZIP. 

■ FEATURES 



Preliminary 



Single 5V(± 10%) 
High Speed 

Access Time 

Low Power Dissipation 

Active Mode 

Standby Mode 

1 Fast Page Mode Capability 
1 Write per Bit Capability 

• 256 Refresh Cycles 

' 3 V ariatio ns of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

I ORDERING INFORMATION 



.80 ns/100 ns (max) 



TBD 

. 1 1 mW (max) 



. (4 ms) 



Part No. 


Access Time 


Package 


HM511665JP-8 
HM511665JP-10 


80 ns 
100 ns 


400 mil 40-pin 
Plastic SOJ 
(CP-40D) 


HM511665ZP-8 
HM511665ZP-10 


80 ns 
100 ns 


475 mil 40-pin 
Plastic ZIP 
(ZP-40) 



PIN DESCRIPTION 



Pin Name 


Function 


A0-A7 


Address Input 
Refresh Address Input 


Wl/I/Oi- 


-W16/I/0 16 


Write Select/Data-in/Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WB/WE 


Write per Bit/Read/Write Enable 


WB/WE 


Write per Bit/Read/Write Enable 


OE 


Output Enable 


v C c 


Power ( + 5V) 


v S s 


Ground 


NC 


No Connection 



HM511665JP Series 




(CP-40D) 



HM511665ZP Series 




(ZP-40) 



PIN OUT 

HM511665JP Series 



VccCl 
W1/I01CJ2 
W2/I02CJ3 
W3/I03C4 
W4/I04C5 
W5/I05C6 
W6/I06C7 
W7/I07C8 
W8/I08C9 
NCC10 
VccCH 

JVCC12 

WB/WE C 13 
RAS C 14 
A0C15 
A1C16 
A2C17 
A3C18 
A4C19 
VccMZO 



40 ZJVjs 

39 DW16/I016 

38 UW15/I015 

37 DW14/I014 

36 DW13/I013 

35 3W12/I012 

34 3W11/I011 

33 ZJW10/I010 

32 DW9/I09 

31DNC 

30DVss_ 

29I3CAS 

28 DOE 

27DNC 

26 3NC 

25DNC 

24DA7 

23 3A6 

22 3A5 

21 3V SS 



(Top View) 



0075-1 



HM511665ZP Series 




(Bottom View) 
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HM511665 Series 



TRUTH TABLE 



Inputs 


I/O 


Operation 


RAS 


CAS 


WB/WE 


OE 


Wl/I/Oi-W16/I/0 16 


H 
L 


H 
H 


H 
H 


H 
H 


High-Z 
High-Z 


Standby 
Refresh 


L 


L 


H 


L 


D ut 


Read 


L 


L 


L 


H 


D in 


Write 


L 


L 


H 


H 


High-Z 





ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 




Voltage on Any Pin Relative to Vss 


v T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vgs 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


w 


50 


mA 




Power Dissipation 


P T 


0.8 


W 


Operating Temperature 


T opr 


to + 70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vm 


2.4 


— 


6.5 


V 


1 


Input Low 


(Wi/I/OiPin) 


VlL 


-0.5 


— 


0.8 


V 


1,2 


Voltage 


(Others) 


ViL 


-1.0 


— 


0.8 


V 


1,2 




Notes: 1. All voltage referenced to Vgs- 

2. The device will withstand undershoots to the 
figure 1.) 



- 2V level with a maximum pulse width of 20 ns at the — 1.5V level. (See 



Vt« 




1 V 




V IH 


\ 




\ 


/ 




\ 






-^ 


*- 20 ns(max) 








0075-3 



Figure 1. Undershoot of input voltage 
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HM511665 Series 



• DC Electrical Characteristics (T A = o to +70°C, V C c = 5V ±10%, V S s = 0V) 



Parameter 


Symbol 


HM51 1665-8 


HM51 1665-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Operating Current 


!cci 


TBD 


mA 


RAS, CAS Cycling 
t RC = Min 


1,2 


Standby Current 


!CC2 


2 


mA 


TTL Interface 
RAS, CAS = V IH , 
D out = High-Z 




1 


mA 


CMOS Interface RAS, 
CAS > V cc - 0.2V, 
D out = High-Z 




RAS Only Refresh Current 


!CC3 


TBD 


mA 


tRC = Min 


2 


Standby Current 


ICC5 


TBD 


mA 


RAS = V IH , 
CAS = V IL , 
D out = Enable 


1 


CAS Before RAS Refresh 
Current 


!CC6 


TBD 


mA 


t RC = Min 




Fast Page Mode Current 


J CC7 


TBD 


mA 


tpc = Min 


1,3 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


JLtA 


0V < V in < 6.5V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


uA 


0V < V out < 5.5V, 
D out = Disable 




Output High Voltage 


VOH 


2.4 


Vcc 


2.4 


Vcc 


V 


HighI out — —2.5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 


V 


Lowl out = 2.1 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice max 1S specified at the output open condition. 

2. Address can be changed once or less while RAS = Vtl- 

3. Address can be changed once or less while CAS = Vth- 

• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Qi 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Q2 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


c i/o 


— 


7 


pF 


1,2 



Notes: 1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 
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HM511665 Series 



• AC Characteristics (T A = to + 70°C, V C c = 
Read, Write, Read-Modify-Write and Refresh 



5V +10%, V S s = 0V)L 14 > 15 

Cycles (Common Parameters) 



Parameter 


Symbol 


HM51 1665-8 


HM51 1665-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


135 


— 


170 


— 


ns 




RAS Precharge Time 


tRP 


45 


— 


60 


— 


ns 




RAS Pulse Width 


*RAS 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


30 


10000 


40 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


ns 




Column Address Setup Time 


tASC 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


50 


20 


60 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


35 


15 


45 


ns 


9 


RAS Hold Time 


tRSH 


30 


— 


40 


— 


ns 




CAS Hold Time 


tCSH 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


*CRP 


10 


— 


10 


— 


ns 




OE to D in Delay Time 


tODD 


15 


— 


15 


— 


ns 




OE Delay Time from D in 


*DZO 





— 





— 


ns 




CAS Setup Time from D ln 


*DZC 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


4 


— 


4 


ms 




Read Cycle 


Parameter 


Symbol 


HM51 1665-8 


HM51 1665-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


30 


— 


40 


ns 


3,4,13 


Access Time from Address 


*AA 


— 


45 


— 


55 


ns 


3, 5, 13 


Access Time from OE 


tOAC 


— 


30 


— 


40 


ns 




Read Command Setup Time 


tRCS 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 





— 





— 


ns 




Column Address to RAS Lead Time 


tRAL 


45 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


k)FFl 





20 





20 


ns 


6 


Output Buffer Turn-off to OE 


tOFF2 





15 





15 


ns 


6 


CAS to D in Delay Time 


tCDD 


20 


— 


20 


— 


ns 




RAS Hold Time Referenced to OE 


tROH 


10 


— 


10 


— 


ns 




Write Cycle 


Parameter 


Symbol 


HM511665-8 


HM511665-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 


ns 


10 


Write Command Hold Time 


tWCH 


15 


— 


15 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


15 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


20 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


20 


— 


20 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 


ns 


11 


Data-in Hold Time 


tDH 


15 


- 


15 


- 


ns 


11 
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HM511665 Series 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM51 1665-8 


HM51 1665-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


185 


— 


220 


— 


ns 




RAS to WE Delay Time 


tRWD 


105 


— 


125 


— 


ns 


10 


CAS to WE Delay Time 


tcWD 


55 


— 


65 


— 


ns 


10 


Column Address to WE Delay Time 


*AWD 


70 


— 


80 


— 


ns 


10,13 


OE Hold Time from WE 


tOEH 


15 


— 


15 


— 


ns 





Refresh Cycle 
















Parameter 


Symbol 


HM51 1665-8 


HM511665-10 


Unit 


Note 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


*CSR 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


*CHR 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


ns 




CAS Precharge Time in Normal Mode 


*CPN 


10 


— 


10 


— 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HM511665-8 


HM51 1665-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


10 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


80 


100000 


100 


100000 


ns 


12 


Access Time from CAS Precharge 


*ACP 


— 


45 


— 


55 


ns 


3,13 


RAS Hold Time from CAS Precharge 


tRHCP 


45 


— 


55 


— 


ns 




Fast Page Mode Read-Modify- 
Write Cycle CAS Precharge 
to WE Delay Time 


*CPW 


70 


- 


80 


- 


ns 




Fast Page Mode Read-Modify- 
Write Cycle Time 


tpCM 


100 


- 


110 


- 


ns 





Counter Test Cycle 
















Parameter 


Symbol 


HM5 11 665-8 


HM51 1665-10 


Unit 


Note 


Min 


Max 


Min 


Max 


CAS Precharge Time in 
Counter Test Cycle 


tCPT 


40 


- 


40 


- 


ns 





Write per Bit Cycle 16 > 17 
















Parameter 


Symbol 


HM51 1665-8 


HM511665-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Write per Bit Setup Time 


tWBS 





— 





— 


ns 




Write per Bit Hold Time 


tWBH 


10 


— 


10 


— 


ns 




Write per Bit Selection Setup Time 


tWDS 





— 





— 


ns 




Write per Bit Selection Hold Time 


t\VDH 


10 


— 


10 


— 


ns 





190 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM511665 Series 



Notes: 



1. AC measurements assume tj = 5 ns. 

2. Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max). If tRCD or Irad * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 1 TTL load and 50 pF. 

4. Assumes that t RC D ^ t RC D (max) and (t RC D ~ tRAD) ^ tt RC D (max) - t RA D (max)]. 

5. Assumes that t RA D ^ tRAD (max) and (tRCD _ tR A D> ^ [tRCD (max) - t RA D (max)]. t RA c> tcAO and t A A are 
determined as follows. 



tRAD[ ns ] 
tRAD max * 
t RAD min. 


_.. 


t kk 


Z^- tRAD = tRCD " [tRCD( max ) " tRAD(max)] 


tRAC 


tCAC 




i 
i i 
i i 




tRCD min * tRCD max ' 
tRCD[ ns ] 

0075-4 




6. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7- Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between Vm and Vtl. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAO 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD i s greater than the specified tRAD (max) limit, tnen access time is controlled exclusively by tAA- 

10. twcs> tRWD» tcwD an d tAWD are n °t restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs - *wcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD - tRWD (min), tcwD - tcwD (min), tAWD - tAWD (min) and 
tcPW ^ tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP- 

14. An initial pause of 100 juts is required after power up followed by a minimum of eight initialization cycle s (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write c ycles , OE must disable ou tput b uffer prior to applying data to the device. 

16. When using the write-per-bit capability, WB/WE must be low as RAS falls. 

17. The data bits to which the write operation is applied can be specified by keeping Wi/I/Oi high with setup and hold time 
referenced to the RAS negative transition. 
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HM511665 Series 



■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS 



Address 



WB/WT 



"Dout 



wie/ioie 1 — Din 



OE 



tRC 



1 



USR 



*RAS 



*RSH 



<_J52 „ 



*RAD 



tRAH t A SC 



*CAS 



kSH 



tRAL 



-t 



J 



JCAH 



High-Z 




^AA 



t RAC 



i tozc > i 



*OAC 



High-Z 



tozo 




< 



tRP 

^ ► 



tCRP 



*OFF1 



Dout 






tROH 



> 



*OFF2 



tCDO 



tODD 



V 





: V, H or V, L 
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HM511665 Series 



• Early Write Cycle 



-y 



RAS 



CAS 



Usr 



Address 



tRC 



"U 



tRAS 



J" 



*RCD 



*-«- 



kSH 



A 



Row 



twBS 



WS/WF 



Ml/ 



wi/ioi r-Din 



wi6/ioi6 Dout 



*RAH 




Use 



tRSH 



7" tRP 



7- 



X 



Column 



t\/VBH *WCS 

* — — H 



^ , , 7' 



twos 





*WDH 



■^Vlaslc 
- ft Data 7 - 



tos 



tCAH 
*WCH 



tOH 

4 ^ 






Din 



High-Z 



■K 





* W/yA :V 'HOfV, L 

** "DT: V| H or V| L 
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HM511665 Series 



• Delayed Write Cycle 



RAS 



CAS 



*ASR t 



tRC 



i-£ 



Address 



*RAS 



r 



*CSH 



tRCD 



\ 



*ASC ► 



A *RAH 



Row 



twas 



WB/WT 



^-A-^ 



-t 



twos 



r—Din 



_<f 



*WBH 
J" 



tRCS 

4 y 




tRSH 



*CAS 



tCAH 



*CWL 



*RWL 



Column 



*WDH 



Mask 
-jrDataTj- 



tozo 



tozc 



«— Dout 




tos, 



*ODD 



tRP 



,*PH 



Din 



tOEH 

< ► 



/invalid" r 
\Dout**-l 



t OFF2 



/ 







i%%^ :V, H orV| L 
r Invalid Dout comes out, when OE is low level. 
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HM511665 Series 



> Read-Modify-Write Cycle 



RAS 



CAS 



Address 



WB/WE 



*. 



tASR, 



*RWC 



/ \ 



*RCD 



tRAO 



\ 



~^_ 



Use, 



wi/ioi I — Din 



-Dout 



High-Z -/ 



OE 




*OAC ^ 

•4 ► 



Dout 



*iSL* 



*crp 




*OFF2 



*OEH 



k>OD 



:V, H orV, L 
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HM511665 Series 



> RAS Only Refresh Cycle 



i- 



RAS 



CAS 



tCRP^Jt 



Address 




tRC 



"\_ 



tRAS 



tRP 




4 !5AH ^ 

*ASR 



Row 




wi/ioi Dout" 



High-Z 



* - 0E :, VV E :V| H° rV 'L 
**||1 :V, H orV IL 
*** Refresh address : AO - A7 (AXO - AX7) 



> CAS Before RAS Refresh Cycle 



RAS 7 



tRP 



„*RPC 



CAS 



Address 



£*. 



^ 



tRC 



\ 



< tRAS > 



Jf 



tjH^ 



'T_i 



tCPN 5j£^ 



< tRP > 



i. 



4s* 



tRC 



\. 



4 tRAS > 



< tRP > 



/ I 



*CHR 



JL 



_.*CRP 



-C 



wi/ioi Dout4 
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HM511665 Series 



• Hidden Refresh Cycle 



RAS 



CAS 






*ASR 



Address ; 



tRAH 



tRC 



< tRAS » 



(Read) 



J' 



*"~ t RS H 



-cJ R CD_^ 



u. 



tASC 



tRAD"? 



Row 



tRCS 



"WB/WFi 



J- 



, t RAC 



W1 6/10 16 



Dout 



*RP , 



/" A 



tRC 



^_ 



< tRAS » 

(Refresh) 



tRP ' 



<\ 



tRC 



tCAS 



< tRAS » 

(Refresh) 



tCHR 



tCAH 



Column 




i. 



-Din^ 



, tpzc. 



$$l 



OE 




Soac 



JCAC 



tAA 



High-Z 



Dout 



tRP k 



tCRP \ 



/ 



tQFF2 



tRCH 



tRRH 



tOFFI 



\ 



£do^ 



^too^ 



: V, L orV, L 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



197 



HM511665 Series 



• Fast Page Mode Read Cycle 



RAS 



CAS 



Address 



*RASC 



^ 

WB/WE 



■ Dout 



OE 




tozc 



tCDD 

— p. 



High-Z 



tooo 

— M" 



^RAC 






tOAC 



4m> 







tozc 



tOFFI 

— H- 



{ Dout ^ 



tQFF2 



*RHCP 



tcoo. 



High-Z 



tCAC 



K-^ ► 



tACP 



.C 



tozo 



■s: 





tOFF1 

(4 



Dout 



■y 



■tozc 



x Si* 



High-Z 



^JSAC^ 



tAA 



tACP 



.tozo 



toOD 



tOFF2 



k)AC 
4 ► 



tCDO 



tooo 

4 — 



bout ^ 



tOFFI 

-4 



tQFF2 



/ 



tOAC 



:V, H orV| L 
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HM511665 Series 



• Fast Page Mode Early Write Cycle 



RAS "\ 



CAS 



tASR 

► 



Address \ 



"U 



*RASC 



k$H 



*RCD 



*RAH 



Row 



1. 



*WBS 

— ► 



wb/we; 



twos 

— ► 



Use 



^tcAS^ 



tpc 



« — ^-> 



~\ f " t " t 



%m 



^. 



Col. 



X. 



twBH 



f— Din: 



twes 




Mask 
at 



twOM 



«-M_ 



| twCH twes 



4^ 



, *CAS . 



^ 



Col. 



Din 



Jdh 




Jos 



^.twCH 



I^Sfr 



<| tRSH ^ 



tRP 

4 " ► 



/\ 



tCAH 



Col. 



twes. 



Din 



tOH 




tps 



^twou 



-H 



Din 



X. 



Dout 



High-Z 



* OE :V, H orV, L 
'* iH :V, H orV, L 
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HM511665 Series 

• Fast Page Mode Delayed Write Cycle 



RAS 



CAS 



Address \ 



tASR 



*RASC 



"<L 



/ 



kSH 



tRcr 



J \ 



Row 



tw8S 



WB/WE 



r 



tRAH 



tASC 



*CAS 



A 



tCAH 



Col. 



twBH 



twos. 



'~l 



J^ 






tRCS 



twOH 



ask' 
Data. 



tos 



^->^-^ 



tpc 



tcp 



i. 



\ 



tASC 



kwt 

« ► 



'~v 



+&*-+ 



r\ 



*-► tCAH 



.r^ — ^. 



Col. 



twp 



fl 



tRCS 

* ► 



7" 



hH^H 



tASC^ 



'S 



"V 



Din 



*DH 



to$" 



tcWL 

4 p. 



< tRSH h 



tCAS 



tfAH^ 



Col. 



'X 



tRP 
4 ill-*. 



"}. 



<A> 



tRCS, ' t R WL 



'\ 



« — ► 

twp 

h-toH tos 



Din 



tcwt 



"L 



twp 



High-Z 



tQEH 



OE 



:V, H orV| L 



v 
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HM511665 Series 



• Fast Page Mode Read-Modify-Write Cycle 



ras :. 



/ \ 




U>io 




^iopo 



^jfi.00 



:V lH orV, L 




HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



201 



HM511665 Series 



• CAS Before RAS Refresh Counter Check Cycle (Read) 



RAS 



\ 



CAS 



, *CSR , 



Address 



^ 

WB/WE 



*- Dout 



i 



< tCHR > 



< tCPT > 



J^ 



Use 




*RCS 




High-Z 



^ 



« l™ ^ 



*CAS 



*CAH 



<-^£ ► 



1. 



JT 



/ 



Column 



High-Z 



tozo 




^AC 



tCAC 




Dout 



^JOFF^ 



J* 000 »| 




: V, H or V, L 
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HM511665 Series 



• CAS Before RAS Refresh Check Cycle (Write) 



RAS 






CAS 



Address 



— w 



W1 6/I0 16*- Dout 



OE 



. ksa , 



« tcHR > 



*CPT 
« — ► 



Jf 



Usc 



«— t T 




"\ 



«— ^H > 

. *CAS 



«-& ► 



f K 



*CAH 



Column 




■ ^ 



< twCH ► 



*0H 



Din 



High-Z 



t 



L+ tcRP 



JT 







:V, H orV, L 
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HM511665/L Series 

65,536-Word x 16-Bit Dynamic RAM 

■ DESCRIPTION 

The Hitachi HM511665/HM511665L are CMOS dynamic 
RAM organized as 65,536-word x 16-bit. HM51 1665/1 1665L 
have realized higher density, higher performance and vari- 
ous functions by employing 0.8 ju,m CMOS process technol- 
ogy and some new CMOS circuit design technologies. The 
HM511665/HM511665L offer Fast Page Mode as a high 
speed access mode. 

Multiplexed address input permits the HM511665/ 
HM51 1665L to be packaged in standard 400 mil 40-pin plas- 
tic SOJ, standard 475 mil 40-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 80 ns/100 ns (max) 

• Low Power Dissipation 

Active Mode 633 mW/495 mW (max) 

Standby Mode (TTL) 11 mW (max) 

Standby Mode (CMOS) 5.5 mW (max) 

1.1 mW (max) (L- Version) 

• Fast Page Mode Capability 

• Write per Bit Capability 

• 256 Refresh Cycles (4 ms) 

(32 ms) (L- Version) 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• Battery Back-up Operation 

HM51 1665L Series (L-Version) 

■ PIN DESCRIPTION 



Pin Name 


Function 


A -A 7 


Address Input 
Refresh Address Input 


Wl/I/Oi- 


-WI6/I/O16 


Write Select/Data-in/Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WB/WE 


Write per Bit/Read/Write Enable 


OE 


Output Enable 


Vcc 1 


Power ( + 5V) 


v S s 2 


Ground 


NC 


No Connection 



Notes: 1. This device has 3 V C c pins (SOJ: 1, 11, 20 pin/ZIP: 
13, 21, 30 pin). All Vcc P ms must De connected 
with the same power-supply wiring on the memory 
board. 
2. This device has 3 V ss pins (SOJ: 21, 30, 40 pin/ 
ZIP: 10, 33, 40 pin). All Vss pins must be connect- 
ed with the same ground wiring on the memory 
board. 



HM511665JP Series 




(CP-40D) 



HM511665ZP Series 




(ZP-40) 



PIN OUT 

HM511665JP Series 



VccCl 
W1/I01C2 
WZ/I02q3 
W3/I03C4 
W4/I04C5 
W5/I05C6 
W6/I06C7 
W7/I07C8 
W8/I08C9 
NCC10 
Vcc C 11 
__ NCC1Z 
WB/WE C 13 
RAS C 14 
A0C15 
A1C16 
A2C17 
A3C18 
A4C19 
V CC C20 



40 DV„ 

39 DW16/I016 

38 3W15/I015 

37 3W14/I014 

36 3W13/I013 

35DW1Z/I012 

34DW11/I011 

33JW10/I010 

32 DW9/I09 

31DNC 

30 13 Vss. 

9Z3CAS 

8 DOE 

7JNC 

6DNC 

5DNC 

4 3A7 

3 3A6 

2DA5 

13V S$ 



(Top View) 



HM511665ZP Series 




(Bottom View) 



■ ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HM511665JP-8 
HM511665JP-10 


80 ns 
100 ns 


400 mil 40-pin 
Plastic SOJ 


HM511665LJ-8 
HM511665LJ-10 


80 ns 
100 ns 


(CP-40D) 


HM511665ZP-8 
HM511665ZP-10 


80 ns 
100 ns 


475 mil 40-pin 
Plastic ZIP 


HM511665LZ-8 
HM511665LZ-10 


80 ns 
100 ns 


(ZP-40) 
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HM511665/L Series 



BLOCK DIAGRAM 



Write Per 
Bit Control 
Circuit 





WBAVE 




RAS 




CAS 














> r 






ir 






WE Control 




RAS Control 




CAS Control 


I 


Circuit 






Circuit 








Circuit 





OE 



T 



r 



OE Control 
Circuit 



W16/I016 



JL 



W15/I015 



I/OBulTcr 



JL 



W14/1014 



I/OBuiTer 



: 



W13/I013 



I/OBuiTer 



JL 



W12/I012 



WU/IOll 



I/OBuiTer 



I/O Buffer 



1. 



W10/IO10 



1/OBuiTer 



I 



W9/I09 



I/O Buffer 



T 



I/OBuiTer 



W8/I08 



I/OBuiTer 



b,-j£ 



W7/I07 



W6/I06 



I/OBuiTer 



1/OBuiTer 



W5/I05 



W4/I04 



I/OBuiTer 



I/OBuiTer 



W3/I03 



I. 



W2/102 



I/OBuiTer 



I 



I/OBuiTer 



H-d H-jd 



Wl/101 



JL 



I/OBu/Ter 



128k 
Memory 
Cell 
Array 



Column 
Decoder 
Sense 
Amp& 
I/O Bus 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



Column 
Decoder 
Sense 
Amp & 
I/O Bus 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



Column 
Decoder 
Sense 
Amp& 
I/O Bus 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



Column 
Decoder 
Sense 
Amp4 
I/O Bus 



128k 
Memory 
Cell 
Array 



1 



Row Decoder & Driver 












j 


k 






Column 


Address Buffer 




Row Address Buffer 












L_ 






* 


k. 


















Address A0-A7 
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HM511665/L Series 
■ TRUTH TABLE 



Inputs 


I/O 


Operation 


RAS 


CAS 


WB/WE 


OE 


Wl/I/Oi-W16/I/0 16 


H 

L 
L 
L 
L 


H 
H 
L 
L 
L 


H 
H 
H 
L 
H 


H 
H 
L 
H 
H 


High-Z 

High-Z 

D ut 

Din 

High-Z 


Standby 
Refresh 
Read 
Write 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


v T 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§s 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


W 


50 


mA 


Power Dissipation 


p T 


0.8 


W 


Operating Temperature 


Topr 


Oto +70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°C 



I ELECTRICAL CHARACTERISTICS 

1 Recommended DC Operating Conditions 0a = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


Vss 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vm 


2.4 


— 


6.5 


V 


1 


Input Low 


(Wi/I/OiPin) 


Vil 


-0.5 


— 


0.8 


V 


1,2 


Voltage 


(Others) 


VlL 


-1.0 


— 


0.8 


V 


1,2 



Notes: 1. All voltage referenced to V$s- 

2. The device will withstand undershoots to the 
figure 1.) 



- 2V level with a maximum pulse width of 20 ns at the — 1.5V level. (See 



Vttt 




V IH \ 


, . 1 n V 


\ 




\ 


-1.3V 


- Z . U V 

«• 20 ns(max) 

0146-4 



Figure 1. Undershoot of input voltage 
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HM511665/L Series 



• DC Electrical Characteristics (T A 


= Oto + 70°C, V C c = 


= 5V ±10°/ 


». v ss = 0V) 






Parameter 


Symbol 


HM5 11665-8 
HM511665L-8 


HM511665-10 
HM511665L-10 


Unit 


Test Conditions 


Note 




Min 


Max 


Min 


Max 




Operating Current 


!cci 


- 


115 


- 


90 


mA 


RAS, CAS Cycling 
t RC = Min 


1,2 


Standby Current 


r CC2 


2 


mA 


TTL Interface 
RAS, CAS = V IH , 
Dout = High-Z 


4 


1 


mA 


CMOS Interface RAS, 
CAS > V CC - 0.2V 
D out = High-Z 


4 


(L-Version) 
Standby Current 


!CC2 


- 


200 


- 


200 


julA 


CMOS Interface 
RAS, CAS = V IH 
WE, OE, Address and 
Din = V m orV IL 
D out = High-Z 


5 


RAS Only Refresh Current 


!CC3 


— 


115 


— 


90 


mA 


tRC = Min 


2 


CAS Before RAS 
Refresh Current 


^06 


- 


115 


- 


90 


mA 


tRC = Min 




Fast Page Mode Current 


!CC7 


— 


100 


— 


85 


mA 


tpc — Min 


1,3 


(L-Version) 
Battery Back-up 
Operating 
Current 
(Standby with 
CBR Refresh) 


Jccio 


- 


300 


- 


300 


jaA 


t RC = 125 jas 

tRAS ^ 1 M-s 

WE = V IH , CAS = V IL 

OE, Address and 

D in = V IH orV IL 

D out = High-Z 


5 


Input Leakage Current 


in 


-10 


10 


-10 


10 


jxA 


0V < V in <S 6.5V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


u-A 


0V < V out < 5.5V, 
D ut = Disable 




Output High Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


V 


High I out = -2.5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 


V 


Low I ou t = 2. 1 mA 






Notes: 1. Ice depends on output load condition whe n the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed once or less while RAS = Vjl. 

3. Address can be chang ed once or less while CAS = Vjh. 

4. Clock voltages (RAS and CAS) must be applied simultaneously with or prior to applying supply voltage. 

5. V CC - 0.2V £ V IH < 6.5V and 0V < V IL < 0.2V. 

• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Cn 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


Ci/o 


— 


7 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 

• AC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 1 - 14 « 15 
Test Conditions 



Input Rise and Fall Times: 
Input Timing Reference Levels: 
Output Load: 



5 ns 

0.8V, 2.4V 

1 TTL Gate + C L (50 pF) 

(Including scope and jig) 
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HM511665/L Series 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM51 1665-8 
HM511665L-8 


HM51 1665-10 
HM511665L-10 


Unit 


Note 




Min 


Max 


Min 


Max 




Random Read or Write Cycle Time 


tRC 


135 


— 


170 


— 


ns 




RAS Precharge Time 


tRP 


45 


— 


60 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


30 


10000 


40 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


50 


20 


60 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


35 


15 


45 


ns 


9 


RAS Hold Time 


tRSH 


30 


— 


40 


— 


ns 




CAS Hold Time 


tCSH 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


ns 




OE to Di n Delay Time 


tODD 


15 


— 


15 


— 


ns 




OE Delay Time from Dj n 


*DZO 





— 





— 


ns 




CAS Setup Time from Di n 


*DZC 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


4 


— 


4 


ms 






- 


32 


- 


32 


ms 


L-Version 



Read Cycle 



Parameter 


Symbol 


HM51 1665-8 
HM511665L-8 


HM51 1665-10 
HM511665L-10 


Unit 


Note 




Min 


Max 


Min 


Max 




Access Time from RAS 


tRAC 


— 


80 


— 


100 


ns 


2,3 


Access Time from CAS 


*CAC 


— 


30 


— 


40 


ns 


3, 4, 13 


Access Time from Address 


*AA 


— 


45 


— 


55 


ns 


3, 5, 13 


Access Time from OE 


tOAC 


— 


30 


— 


40 


ns 




Read Command Setup Time 


tRCS 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 





— 





— 


ns 




Column Address to RAS Lead Time 


tRAL 


45 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tOFFl 





20 





20 


ns 


6 


Output Buffer Turn-off to OE 


tOFF2 





15 





15 


ns 


6 


CAS to D in Delay Time 


tCDD 


20 


— 


20 


— 


ns 




RAS Hold Time Referenced to OE 


tROH 


10 


— 


10 


— 


ns 





Write Cycle 



Parameter 


Symbol 


HM5 11665-8 
HM511665L-8 


HM51 1665-10 
HM511665L-10 


Unit 


Note 




Min 


Max 


Min 


Max 




Write Command Setup Time 


twcs 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


15 


— 


15 


— 


ns 




Write Command Pulse Width 


t\VP 


15 


— 


15 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


20 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


20 


— 


20 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


15 


— 


ns 


11 
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HM511665/L Series 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM5 11665-8 
HM511665L-8 


HM51 1665-10 
HM511665L-10 


Unit 


Note 




Min 


Max 


Min 


Max 




Read-Modify-Write Cycle Time 


tRWC 


185 


— 


220 


— 


ns 




RAS to WE Delay Time 


tRWD 


105 


— 


125 


— 


ns 


10 


CAS to WE Delay Time 


tCWD 


55 


— 


65 


— 


ns 


10 


Column Address to WE Delay Time 


*AWD 


70 


— 


80 


— 


ns 


10,13 


OE Hold Time from WE 


tQEH 


15 


— 


15 


— 


ns 





Refresh Cycle 
















Parameter 


Symbol 


HM51 1665-8 
HM511665L-8 


HM51 1665-10 
HM511665L-10 


Unit 


Note 




Min 


Max 


Min 


Max 




CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


ns 




CAS Precharge Time in Normal Mode 


tCPN 


10 


— 


10 


— 


ns 





Fast Page Mode Cycle 




Parameter 


Symbol 


HM51 1665-8 
HM511665L-8 


HM51 1665-10 
HM511665L-10 


Unit 


Note 




Min 


Max 


Min 


Max 




Fast Page Mode Cycle Time 


tpc 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


*CP 


10 


— 


10 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


80 


100000 


100 


100000 


ns 


12 


Access Time from CAS Precharge 


tACP 


— 


50 


— 


60 


ns 


3,13 


RAS Hold Time from CAS Precharge 


tRHCP 


45 


— 


55 


— 


ns 




Fast Page Mode Read-Modify- 
Write Cycle CAS Precharge 
to WE Delay Time 


*CPW 


70 


- 


80 


- 


ns 




Fast Page Mode Read-Modify- 
Write Cycle Time 


tpCM 


100 


- 


110 


- 


ns 





Counter Test Cycle 
















Parameter 


Symbol 


HM51 1665-8 
HM511665L-8 


HM51 1665-10 
HM511665L-10 


Unit 


Note 




Min 


Max 


Min 


Max 




CAS Precharge Time in 
Counter Test Cycle 


tCPT 


40 


- 


40 


- 


ns 





Write Per Bit Cycle™, 17 
















Parameter 


Symbol 


HM51 1665-8 
HM511665L-8 


HM51 1665-10 
HM511665L-10 


Unit 


Note 




Min 


Max 


Min 


Max 




Write per Bit Setup Time 


tWBS 





— 





— 


ns 




Write per Bit Hold Time 


t\VBH 


10 


— 


10 


— 


ns 




Write per Bit Selection 
Setup Time 


tWDS 





- 





- 


ns 




Write per Bit Selection 
Hold Time 


*WDH 


10 


- 


10 


- 


ns 
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HM511665/L Series 



Notes: 1. AC measurements assume tj = 5 ns. 

2. Assumes that tRCD ^ *rcd (max) and tRAD ^ tRAD (max). If tRCD or tRAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 1 TTL load and 50 pF. 

4. Assumes that t RC D ^ t RC D (max) and (t RC D - tRAD) ^ [tRCD (max) - t RA D (max)]. 

5. Assumes that t RA D ^ tRAD (max) and (t RC D _ tRAD) ^ [t RC D (max) - t RA D (max)]. t RA o tcAO an <* tAA are 
determined as follows: 



tRAI)[ ns ] 
tRAD max * 
t RAD min. 


— 


t kA 


/^ t RAD = t RCD - [t RCD (max) - t RAD (max)] 


tRAC 


tCAC 




i i 
i i 
l 1 




tRCD min * tRCD max ' 
tRCD[ ns ] 

0146-5 



6- tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7- Vjh (min) and Vil (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vih and Vjl- 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAO 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 
twcs> tRWD> tcwD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if fryycs - twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD - tRWD (min), tcwD - tcwD (min), tAWD - tAWD (min) and 
tcPW ^ tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 
These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASc defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP- 

14. An initial pause of 100 jus is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

16. When using the write-per-bit capability, WB/WE must be low as RAS falls. 

17. The data bits to whic h the write operation is applied can be specified by keeping Wi/IOi high with setup and hold time 
referenced to the RAS negative transition. 



10. 



11 
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HM511665/L Series 



I TIMING WAVEFORMS 
1 Read Cycle 



RAS 



CAS 



Address 



WB/WF 



pDout 



W1 6/101 6 



^ Din 



OE 



\ 



mm,.c 



"K 




*ASR 
-4— *► 



tRC 



*RAS 



/ 



«_i!«£ — ► 



"\ 



*RAD 



tRAH t ASC 
« — *f 



Row 




J 



I. 




t RCS 



tRSH 



t CAS 



kSH 



■^L 



*RAL 



1 



]t^i>, 



Column 



High-Z 



tRAC 




< tDZC > , 



< — ^ — ► 



^AA 



"T 



k>AC 



-C 



"^ 



Up 

4 ► 



kRP 



V 




*RCH 




*0FF1 



Dout 



High-Z 



tozo 




*ROH 



> 



*0FF2 



kDO , 



^ODD 





^ :V IH orV, L 
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HM511665/L Series 
• Early Write Cycle 



y 



RAS 






CAS 



USR 



Address 




tRC 



*RAS 



*RCD 



kSH 



"\ 



«4— ► 



Row 



twBS 



wS/WT 



mm,-t 



W'^ 



Jr 



tRAH 




Use 



.r 



tRSH 



/" t RP \ 



*CAS 



^ 



J' 



kRP 



.r 



Column 



r—Din 



wi 6/101 6 Dout 



twos 




*WBH 
_7 _ 




twes 



t\/VDH 



\. 



Mask 




tos 



«— frft C AH 

*WCH 



*DH 






Din 



High-Z 






: V, H or V, L 



** 73F: V, H or V, L 
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HM511665/L Series 



• Delayed Write Cycle 



RAS 



IL, 



CAS 



UsR k 



Address 




tRC 



•^L 



-C 



"K 



*RAS 



t 



T 



kSH 



tRCD 



"\ 



Use — ► 



*RAH 
4 ™2 ^ 



Row 



twBS 



WB/WE" 



"I 



tWBH 

4-* 






twDS 



r-Oin 



^ 



tRCS 

4 »» 




*WDH 



Mask' 



X 



-rDataj- 




*QZO 



k>zc 

< ► 



i— Dout 



OE 




tRSH 



l CAS 



*CAH 



*CWL 



^RWL 



1 



Column 



l DS 4 



toDD 



^JRP^ 



*CRP 



,tpH 



Din 



tOEH 

< ► 



Invalid 
Dout 



iid-e 



< — ► 



tQFF2 



/ 



^ :V, H orV, L 







** Invalid Dout comes out, when OE is low level. 
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HM511665/L Series 



• Read-Modify-Write Cycle 



RAS 



CAS 



Address 



WB/WE 



I — Din 



^. 



\ 



U$R k 




*RWC 



/ \ 



tRCO 



X 



\ 



tRAO 



Use, 



*RAH 

< H 



Row 



twBS 




V£2U 




*RCS 



*W8H 



"L 



twos 





tRWD 



*RAC 



twDH 



4t H- 

Mask 

- ^ Data -j £ 




W16/1016« — Dout 



t DZC 

< ► 



< tCAH ► 



Column 




*CWD 



tAWD 



High-Z 



High-Z ^ -r 
J Dout). 




toAC ^ — T 
« ► 



i. 



tAA 



kAC 



tos 



J 



\ 



t CWl 



J. 



JfiWL 



tRP 



*crp 



twp 




*DH 



Din 



"^ 



t OFF2 




tpEH 



tODD 




: V, H or V, L 
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HM511665/L Series 



• RAS Only Refresh Cycle 



RAS 



kRP 




4-> 



Address 




tRC 



~\_ 



t RAS 



I 



tRP 



tRPC 



kRP 

< — ► 



322 




*RAH 



USR 



Row 




W1/J01 Douf 



W1 6/10 16 



High-Z 



* OE,W E : V, H orV| L 
: V, H or V, L 



*** Refresh address : AO - A7 (AXO - AX7) 



• CAS Before RAS Refresh Cycle 



RAS 



« ^ * 






.£ J 



CAS 



Address 



«2% 



A 



tRC 



\ 



< tRAS » 



JT 



/ 



^ 



*CPN 

< 



4 tRP ► 






/ \ 



jC£ 



_Z1 



\ 



< tRAS > 



4 tR " > 



f 



*CHR 



JL 



7 



i. 



JCRP 



W1/101 Dout^ 



Wl 6/10 16 
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HM511665/L Series 



• Hidden Refresh Cycle 



RAS 



CAS 



tASR 



Address 



"W&IW^ 



W1 6/1016 



0E 




:V, L orV, L 
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HM511665/L Series 



• Fast Page Mode Read Cycle 



RAS 



X 



\ 



t T — * 



CAS 



Address 



t RASC 



kSH 



*RCD 



WB/WE 



WE ^ 



I— Dout 



OE 




tRAC 



}ur\ 



<-^Al> 



kDD 

► 



High-Z 



kDD 

— ► 



*AA > 

► 



kAC 



^D^. 



\. 



_r 



tpc 



kp 



.kAS, 



Jf 



/' 




kzc 



*OFF1 

4- 



Dout 



■> 



*OFF2 



kDD 



High-Z 



*CAC 



^AA 



*acp 



kzo 




^RHCP 



/" 



«J2-* 



1. 



\ 



^ 



* 
• 



kFFI 

k 



< Dout / 



kAS 



-*DZC 



tRP 



_r 



7 



High-Z 



kAC 



*AA 



Ucp 



.tozo 

< ► 



koo 



kFF2 




tOAC 



«H 



koo 

4- 




kDO 

4 — 



{ Dout > 



"I 



<-+ 



kFFI 

4 — 



kFF2 



/ 



k>AC 



^ :V, H orV, L 
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HM511665/L Series 

• Fast Page Mode Early Write Cycle 



RAS 



\ 



CAS 



USR 

► 



Address \ 



t RASC 



kSH 



*RCD 



Row 



twBS 



WB/WE: 



twos 
► 



twBH 



"\ 



Use 



+m+ 



"t. 



/* 



tpc 






^ 



tCA£ 



Col. 



i— Din? 



^/-^ati 



*wcs 




^L 



tWDII 




^2U 



^ 




_r 



"K. 



"t. 



^JCAS^ 






/ 



-^. 



£&* 



Col. 



"i. 



twcH twes 



Din 




IK 




*rsh 



^CAS 



"^ /T 



A 



w 



/ V 



4 tcRP ► 



*CAH 



Col. 



twcs k 



twCH 



^tway 



-istw, 



Din 



i. 



T 



*- Dout 

W16/I016 



High-Z 



* OE :V, H orV, L 



^ :V, H orV, L 
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HM511665/L Series 



• Fast Page Mode Delayed Write Cycle 



iL 



RAS 



CAS 



Address ; 



Usr 



"L 



*RASC 



l CSH 



J" 



^RCD 



"\ 



Use 
— ► 



«+> 



Row 



*WBS 



. — Wk-L 



WB/WE 



*RAH 




_£ 



*CAS 



t 



kAH 



Col. 



X 



twBH 



r\ 



twos. 



W1/IO1r~0in : 




:M 



-}. 



7" 




*RCS 
4—H 



tWDH 



>- 



ask' 
1& 



tos 




tpc 



t C P 



J" 



\ 



Use 




kwi 

4 ► 



^tCAS^ 



<4-> *CAH 



Col. 



twp 

tOH 



*RCS 

4 ► 



<A 



\ 



Usj^ 




# YJ 



Din 
ft 




tos" 



tCWL 

4 ► 



< tRSH H 



kAS 



^> 



Col. 



4-^u 



.r 



F 



, kRp , 




^ — H 

tRCS ' t RWL 



I 



twp 
H-tOH tDS 



Din 



kwi 



t w p 



Hlgh-Z 



tpEH 



OE 



:V, H orV IL 
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HM511665/L Series 



• Fast Page Mode Read-Modify-Write Cycle 




:V,HorV^ 
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HM511665/L Series 



• CAS Before RAS Refresh Counter Check Cycle (Read) 



RAS 



CAS 



^CSR^ 



Address 



^ 

WB/WE 



7777777/, 

WI/101 |—DJn 



W16/1016 l-D0Ut 



OE 



A kHR ► 



f 



4 tCPT > 



1. 



_7T 



Use 




tRCS 




High-Z 



\ 



« ^i! „ 



f CAS 



*CAH 



« — ► 



1. 



.c 



/ 



Column 



*CRP 




*rrh 



High-Z 



tozo 

« H 




&£ 




^ tcDD » 



^1 



^ 



^toFFI^ 



Dout 



^JOFF^ 



4 t0D ° ► 




gj :V, H orV, L 
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HM511665/L Series 

• CAS Before RAS Refresh Counter Check Cycle (Write) 



RAS 



CAS 



Address - 



wb/we; 



wi/ioi r~ Din 



W16/1016 1 - Dout 



OE 



\ 



^an^ 



■c 



< kHR > 



< tcPT > 



J "\ 



X 



Use 



«— t T 



^__t5SH „ 

. *CAS 



«-^ J 



/ \ 



tCAH 




A 



^__tDH ^ 



Din 



High-Z 



kRP 



S 






^ :V, H orV, L 
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HM51 1666 Series 

65,536-Word x 16-Bit Dynamic RAM 

■ DESCRIPTION 

The Hitachi HM511666 are CMOS dynamic RAM orga- 
nized as 65,536-word x 16-bit. HM511666 have realized 
higher density, higher performance and various functions by 
employing 0.8 jutm CMOS process technology and some 
new CMOS circuit design technologies. The HM511666 of- 
fers Static Column Mode as a high speed access mode. 

Multiplexed address input permits the HM511666 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard 
475 mil 40-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 80 ns/100 ns (max) 

• Low Power Dissipation 

Active Mode 633 mW/495 mW (max) 

Standby Mode 11 mW (max) 

• Static Column Mode Capability 

• Byte Write Capability 

• 256 Refresh Cycles (4 ms) 

• 2 V ariatio ns of Refresh 

RAS Only Refresh 

CS Before RAS Refresh 



ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HM511666JP-8 
HM511666JP-10 


80 ns 
100 ns 


400 mil 40-pin 
Plastic SOJ 
(CP-40D) 


HM511666ZP-8 
HM511666ZP-10 


80 ns 
100 ns 


475 mil 40-pin 
Plastic ZIP 
(ZP-40) 


■ PIN DESCRIPTION 


Pin Name 


Function 


A0-A7 


Address Input 
Refresh Address Input 


I/O1-I/O16 


Data-in/Data-out 


RAS 


Row Address Strobe 


CS 


Chip Select 


UW 


Read/Upper Byte Write Enable 


LW 


Read/Lower Byte Write Enable 


OE 


Output Enable 


Vcc* 1 


Power ( + 5V) 


v S s* 2 


Ground 


NC 


No Connection 



Notes: 1. This device has 3 V cc pins (SOJ: 1, 11, 20 pin/ZIP: 
13, 21, 30 pin). All Vcc P ms must De connected with 
the same power-supply wiring on the memory board. 
2. This device has 3 V ss pins (SOJ: 21, 30, 40 pin/ ZIP: 
10, 33, 40 pin). All V§s pins must be connected with 
the same ground wiring on the memory board. 



Preliminary 



HM511666JP Series 




(CP-40D) 



HM511666ZP Series 




(ZP-40) 



PIN OUT 



HM511666JP Series 



VccCl 
I/01CZ 
I/02C3 
1/03 C 4 
1/04 CJ5 
1/05 as 
I/06C7 
1/07 C 8 
I/08C9 
NCC10 
VccCU 
UWC12 
LWC13 
RAS C 14 
A0qi5 
Aldl6 
A2C17 
A3C18 
A4C19 
V cc C 20 



40 



DV s; 



39DI/016 



21 



DI/015 

DI/014 

31/013 

DI/012 

DI/011 

DI/010 

DI09 

DNC 



30Z3V SS 



DCS 

DOE 
DNC 
DNC 
DNC 
DA7 
DA6 



22DA5 



DV,. 



(Top View) 



HM511666ZP Series 




(Bottom View) 
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HM511666 Series 



BLOCK DIAGRAM 



LW 



UW 



RAS 



Lower Byte 
Write Control 
Circuit 



Upper Byte 
Write Control 
Circuit 



<— T 



CS 



RAS Control 
Circuit 



T 



OE 



CS Control 
Circuit 



OE Control 
Circuit 

— r~ 



1/016 



1/015 



1/014 



1/013 



1/012 



1/011 



1/O10 



1/09 



I 



1/OBuiTer 



I/OBuiTer 



I/OBuiTer 



I/OBuiTer 



I/OBuiTer 



I/OBulTer 



I/OBuiTer 



I/OBuiTer 



1/08 



I/OBuiTer 



Si 



1/07 



1/06 



I/OBuiTer 



I/OBuiTer 



i£ 



h±k± 



1/05 



X 



1/04 



I/OBuiTer 



I/OBuiTer 



1/03 



1/02 



I/OBuiTer 



I/OBuiTer 



H 



H, 



1/01 



i 



I/OBuiTer 



£^ 



128k 
Memory 
Cell 
Array 



Column 
Decoder 
Sense 
Amp& 
I/O Bus 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



Column 
Decoder 
Sense 
Amp& 
I/O Bus 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



Column 
Decoder 
Sense 

Amp& 
I/O Bus 



128k 
Memory 
Cell 
Array 



128k 
Memory 
Cell 
Array 



Column 
Decoder 
Sense 
Amp& 
I/O Bus 



128k 
Memory 
Cell 
Array 



i 



Row Decoder & Driver 



Column Address Buffer 



Row Address Buffer 



Address A0-A7 
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HM511666 Series 



m TRUTH TABLE 



Inputs 


I/O 


Operation 


RAS 


CS 


LW 


UW 


OE 


I/Oi-I/0 8 


I/0 9 -I/0 16 


H 


H 


H 


H 


H 


High-Z 


High-Z 


Standby 


L 


H 


H 


H 


H 


High-Z 


High-Z 


Refresh 


L 


L 


H 


H 


L 


D out 


D ut 


Read 


L 


L 


L 


H 


H 


D in 


Don't Care 


Lower Byte Write 


L 


L 


H 


L 


H 


Don't Care 


D m 


Upper Byte Write 


L 


L 


L 


L 


H 


D in 


D in 


Word Write 


L 


L 


L 


L 


H 


High-Z 


High-Z 





ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V§s 


v T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


0.8 


W 


Operating Temperature 


Topr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to + 70°C) 




Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vih 


2.4 


— 


6.5 


V 


1 


Input Low 


(I/Oi Pin) 


VlL 


-0.5 


— 


0.8 


V 


1,2 


Voltage 


(Others) 


Vil 


-1.0 


— 


0.8 


V 


1,2 



Notes: 



1. All voltage referenced to Vgg. 

2. The device will withstand undershoots to the 
figure 1.) 



- 2V level with a maximum pulse width of 20 ns at the — 1.5V level. (See 









V IH \ 




\ 




1 -1.0 V 


~> 


\l 


-1.5 V 




-2.0 V 
20 ns(max) 

0147-4 



Figure 1. Undershoot of input voltage 
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HM511666 Series 



• DC Electrical Characteristics (Ta 


= to + 70°C, V C c = 


5V ±10% 


V SS = 0V) 








Parameter 


Symbol 


HM51 1666-8 


HM51 1666-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Operating Current 


!cci 


- 


115 


- 


90 


mA 


RAS, CS Cycling 
t RC = Min 


1,2 


Standby Current 


!CC2 


2 


mA 


TTL Interface 
RAS, CS = V IH , 
D out = High-Z 


4 


1 


mA 


CMOS Interface RAS, 
CS > V CC ~ 0.2V, 
D out = High-Z 


4 


RAS Only Refresh Current 


!CC3 


— 


115 


— 


90 


mA 


t R c = Min 


2 


CS Before RAS Refresh 
Current 


ICC6 


- 


115 


- 


90 


mA 


t RC = Min 




Static Column Current 


ICC9 


— 


110 


— 


100 


mA 


t sc = Min 


1,3 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


u-A 


0V <, V in £ 6.5V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


uA 


0V < V out < 5.5V, 
D out = Disable 




Output High Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


V 


HighI out = —2.5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 


V 


Low I out = 2. 1 mA 





Notes: 1. Ice depends on output load condition whe n the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed once or less while RAS = Vti,. 

3. Address can be chang ed once or less while CS = Vjh- 

4. Clock voltages (RAS and CS) must be applied simultaneously with or prior to applying supply voltage. 

• Capacitance (T A = 25°C, V C c = 5V +10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Cl2 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


c i/o 


- 


7 


pF 


1,2 



Notes: 



1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. CS = Vjh to disable D out . 
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HM511666 Series 



• AC Characteristics (T A 
Test Conditions 

Input Rise and Fall Times 
Input Timing Reference Levels 
Output Load 



to +70°C, V C c = 5V ±10%, V S s = 0V)L 14, 15, 16 

5 ns 

0.8V, 2.4V 

1 TTL Gate + C L (50 pF) 

(Including scope and jig) 



Read, Write, and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM51 1666-8 


HM51 1666-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


*RC 


135 


— 


170 


— 


ns 




RAS Precharge Time 


tRP 


45 


— 


60 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


ns 




CS Pulse Width 


tsp 


30 


10000 


40 


10000 


ns 




Row Address Setup Time 


tASR 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


ns 




Column Address Setup Time 


tASW 





— 





— 


ns 




Column Address Hold Time 


tAHW 


15 


— 


15 


— 


ns 




RAS to CS Delay Time 


tRCD 


20 


50 


20 


60 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


35 


15 


45 


ns 


9 


RAS Hold Time 


tRSH 


30 


— 


40 


— 


ns 




CS Hold Time 


tcSH 


80 


— 


100 


— 


ns 




CS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


ns 




OE to D ln Delay Time 


tODD 


15 


— 


15 


— 


ns 




OE Delay Time from Di n 


tDZO 





— 





— 


ns 




CS Setup Time from Dj n 


*DZC 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


4 


— 


4 


ms 





Read Cycle 



Parameter 


Symbol 


HM51 1666-8 


HM51 1666-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


ns 


2,3 


Access Time from CS 


*ACS 


— 


30 


— 


40 


ns 


3, 4, 13 


Access Time from Address 


*AA 


— 


45 


— 


55 


ns 


3, 5, 13 


Access Time from OE 


tOAC 


— 


30 


— 


40 


ns 




Read Command Setup Time 


tRCS 





— 





— 


ns 




Read Command Hold Time to CS 


tRCH 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 





— 





— 


ns 




Column Address to RAS Lead Time 


tRAL 


45 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tOFFl 





20 





20 


ns 


6 


Output Buffer Turn-off to OE 


k>FF2 





15 





15 


ns 


6 


CS to D in Delay Time 


tCDD 


20 


— 


20 


— 


ns 




RAS Hold Time Referenced to OE 


tROH 


10 


— 


10 


— 


ns 




RAS to Column Address Hold Time 


tAHR 


15 


— 


15 


— 


ns 


17 


Output Hold Time from Address 


*AOH 


5 


— 


5 


— 


ns 




Column Address Hold Time to RAS on Read 


tAR 


80 


— 


100 


- 


ns 
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HM511666 Series 
Write Cycle 



Parameter 


Symbol 


HM5 11666-8 


HM51 1666-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 


ns 


10 


Write Command Hold Time 


*WCH 


15 


— 


15 


— 


ns 




Write Command Pulse Width 


*WP 


15 


— 


15 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


20 


— 


ns 




Write Command to CS Lead Time 


tcWL 


20 


— 


20 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


15 


— 


ns 


11 


Data-in Hold time to RAS 


tDHR 


65 


— 


75 


— 


ns 




Column Address Hold Time to 
RAS on Write 


UWR 


65 


- 


75 


- 


ns 




OE Hold Time from WE 


k>EH 


15 


— 


15 


— 


ns 





Refresh Cycle 
















Parameter 


Symbol 


HM51 1666-8 


HM51 1666-10 


Unit 


Note 


Min 


Max 


Min 


Max 


CS Setup Time 

(CS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


ns 




CS Hold Time 

(CS Before RAS Refresh Cycle) 


tCHR 


10 


- 


10 


- 


ns 




RAS Precharge to CS Hold Time 


tZRH 


10 


— 


10 


— 


ns 




CS Precharge Time in Normal Mode 


tsIN 


10 


— 


10 


— 


ns 





Static Column Mode Cycle 



Parameter 


Symbol 


HM511666-8 


HM51 1666-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Static Column Mode Cycle Time 


tsc 


50 


— 


60 


— 


ns 




Static Column Mode CS Precharge Time 


tsi 


10 


— 


10 


— 


ns 




Static Column Mode RAS Pulse Width 


tRASC 


80 


100000 


100 


100000 


ns 


12 


RAS to Second WE Delay Time 


tRSWD 


80 


— 


100 


— 


ns 




Write Invalid Time 


twi 


10 


— 


10 


— 


ns 





Counter Test Cycle 
















Parameter 


Symbol 


HM511666-8 


HM511666-10 


Unit 


Note 


Min 


Max 


Min 


Max 


CS Precharge Time in 
Counter Test Cycle 


tCPT 


40 


- 


40 


- 


ns 





Byte Write Mode 
















Parameter 


Symbol 


HM51 1666-8 


HM51 1666-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Masked Write Setup Time 


*MCS 





— 





— 


ns 




Masked Write Hold Time 
Referenced to RAS 


*MRH 





- 





- 


ns 




Masked Write Hold Time 
Referenced to CS 


*MCH 





- 





- 


ns 
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HM511666 Series 



Notes: 1. AC measurements assume tx = 5 ns. 

2. Assumes that tRCD ^ *RCD (max) and tRAD ^ *RAD (max). If tRCD or *RAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 1TTL load and 50 pF. 

4. Assumes that t R cD ^ *RCD (max) and (t R cD ~ tRAD) ^ ^RCD ( max ) ~ l RAD (max)]. 

5. Assumes that t RA D ^ t RA D (max) and (t RC D ~ Irad) ^ tt RC D (max) - tRAD (max)]. tRAC tACS» and t A A are 
determined as follows. 



tRADM 
t RAD max. 

t RAD min. 


— 


*AA 


^*RAD = t RCD - [tRCD( max ) - t RAD (max)] 
f t ACS 


t RAC 






i i 
i i 




tRCD min - t RCD max - 
tRCDM 

0147-5 




6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vjl. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tACS- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. twcs is not restrictive operating parameter. It is included in the data sheet as electrical characteristics only: if twcs - twcs 
(min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire 
cycle. 

11. These paramet ers ar e referenced to CS leading edge in an early write cycle and to WE leading edge in a delayed write cycle. 

12. tRASC defines RAS pulse width in static column mode cycles. 

13. Access time is determined by the longer of tAA or tCAO 

14. An initial pause of 100 ja s is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CS before RAS refresh 
cycles is required. 

15. In delayed write cycles, OE must disable output buffer prior to applying data to the device. 

16. When both LW and UW go low at the same time, all 16 bits data are written into the device. LW and UW cannot be 
staggered within the same write cycle. 

17. tAHR defines the time at which the column addresses hold. 
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■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



cs 



Address 



UW 



LW 



Dout- 
1/01-1/016 



OE 



"\ 



tASR 




tRC 



tRAS 



A 
j' 



+—^Z „ 



"\ 



tRAD 

< »> 

*RAH 

■< 



Row 




*RCS 




H!gh-Z 



*RSH 



tSP 



kSH 



*RAL 






"i. 



tRP 

< ► 



tSRS 



V 



«*-> 



Column 



*RAC 




< tDZC >| 



tQAC 



High-Z 



*dzo 




Uhr 




tRCH 




tOFFI 



^ Dout ^ 



*ROH 



kDO 



toFF2 



tODD 





: v IH orV, L 
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HM511666 Series 



• Early Write Cycle 



RAS 



cs 



Address 



UW 



LW 



1/01-1/016 



Dout_ 



"\ 




i& 



tRC 



.C 



-\_ 



*RAS 



J* * \ 



*RCD 



*CSH 



\ 



Row 



*rah 



^-mk-t 




X"W27X 



tASV\ 



*RSH 



tSP 



"L 



.r 



tSRS 



*AHW 



Column 





twcs 



JoHR 




< tos > 



*AWR 



*WCR 



twCH 




tyVCH 



< t0H > 



Din 



High-Z 






^H :V IH orV IL 



** OE : V IH orV| L 
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HM511666 Series 

• Upper Byte Early Write Cycle 



RAS 



"\ 



cs 



^ 



Address 




tRC 



_r 



tRAS 



*RCD 



kSH 



"\ 



Row 



tRAH 



Usw 




tRSH 



tSP 



J' 



Uhw 



Column 



*awr 



UW 




twcs 



LW 




1/01-1/08 



Dout- 

Din 
1/09-1/016 

Dout 



*DHR 




4 !£2 ► 



.r 



A t RP \ 



tSRS 




*WCR 



*WCH 




^MCH 



*MRH 





High-Z 



< t0H ► 



Din 




High-Z 



^j : V, H orV IL 



** OE : V| H orV, L 



232 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM511666 Series 



• Lower Byte Early Write Cycle 



RAS 



CS 



Address 



UW 



Dout- 



1/09-1/016 

Dout- 



A 



&H 




tRC 



.r 



TL 



*RAS 



*RCD 



*CSH 



"\ 



Row 



*RAH 



1 ASW 




-C 



X. 



*RSH 



*SP 



1 



■/■ 



"v_ 



.r 



./ 



^ *AHW ^ 



Column 




*AWR 



*RP 

« ► 



tSRS 




tMCH 



. *MRH 




twCR 




High-Z 




High-Z 



*^ 



^ : V| H orV, L 



OE : V IH orV, L 
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» Delayed Write Cycle 



RAS 



\ 



cs 



USR, 



Address 



UW 




tRC 



tRAS 



kSH 



tRCD 



"^- 



\ 



*RAH 



Row 






tRSH 



tSP 



7 



j" 



tASW 



*CWL 



*RWL 



, *AHW , 



Column 



*awr 



tRCS 




LW 




tRCS 




1/01-1/016 



tDZCn 



+^-> 



Dout- 



OE 




twCR 



*WCR 



*DHR 



tODD 



tSRS 



*RP 
4 > 




Invalid r 
Dout**-L 



< — ► 



tOFF2 




* Va 



^ : V, H orV, L 



** Invalid Dout comes out, when OE is low level. 
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1 Upper Byte Delayed Write Cycle 



RAS 






cs 



Address 



tRC 



tRAS 



J 



k$H 



2= ^> ► 



\ 



*RSH 



tSP 



f 



*SRS 



tRp 




otM 



wk.. r 



4A : V, H orV !L 



** Invalid Dout comes out, when OE is low level. 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 235 



HM511666 Series 



• Lower Byte Delayed Write Cycle 



RAS 



CS 



tASR. 



Address 



tRC 



"v 



*RAS 



/ 



J' 



*CSH 



*RCD 



-►-4- 



\« 



4 *RAH 



"T 



tRSH 



tsp 



1 



^ASW 



"tCWL 



*RWL 



*AHW 



r 



-£ 



*RP 



*SRS 




** Invalid Dout comes out, when OE is low level. 
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• RAS Only Refresh Cycle 



RAS 



CS 



Address 



1/01-1/016 
Dout 



\ 



*SRS 





tRC 



tRAS 



I 



*RP 



tZRH 



tSRS 

A — >J 




< 15AH ^ 

*ASR 



Row 




High-Z 



OE^UW.LW :V| H orV, L 
^H :V, H orV, L 



Refresh address : AO - A7 (AXO ~ AX7) 



• CS Before RAS Cycle 



RAS 



*RP 



*ZRH 



CS 



Address 



1/01-1/016 



feV 



A 



tRC 



\ 



t0FF1 



Dout 



y 



< tRA? > 



/ 



^ 



< ^'M 



< tRP > 






.i 



f A 



4csg. 



tRC 



< tRAS > 



*RP 
<« — ► 



V_J\ 



< ^ ► 



JL 






JSRS 




High-Z 



|| : V IH orV IL 



** UW, LW,OE : ' V iH° rV lL 
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• Static Column Mode Read Cycle 



TL 



RAS 



\ 



cs 



^ASg. 



Address i 



*RASC 



tRSH 



t RCD 



\ 



tRCS 
tRAD 



tfAJ. 



Row 



UW/LW 



Din 



Dout 



OE 





*RAC 



Column 




tpzc 



*AR 



*acs 



*DZO 



tQAC 



/ 



X 



tsc 



Column 



3 



tROL 



^AA 



W 



H- 

Dout 




T'l 



tRAl 



-4* 




r 



tRP 



Column 



tRCS 




tAA 



^AOJ 
tOFF1 



^JCOD^ 



toDcr"* 




"L 



Dout 



Uhr 

-4— 




tRRH 



tpcy. 



* 






*OFF2 




*DZC 



*DZO 




*OFF1 



koo 

«4-*- 



tpPC^ 



II 



"L 



Dout 



tQAC 



tpFF2 



> 



:V, H orV, L 
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1 Static Column Mode Early Write Cycle (1) 



RAS 



"\ 



cs 



UsR 



Address : 



"L 



tRASC 



I 



tRCD 



\ 



*RAH 

xmKX 



Row 



UW/LW 



1/01 -1/01 6 
Dout — 



*ASW 



^ 



J' 



^-MkX 



"v. 



*AWR 



Column 



twcR 



twcj. 



TL 



tRSWD 



4W 




twp , 



J' 



tAHW 




"t 



m. 



*ASW 

twi 



Column 




¥ 



&4 



tOHR 



SB> 



twp 



Uhw 

tASW 

tw 



" T 



kwi 



f 

*RWL 



tRP 



r 



*SRS 



Column 






tsc 



H 



Din 



Jt 




&S 



tAHW 
twP 



& 



Din 



High-Z** 





^:V, H orV, L 



twcs ^ *wcs (min) 
OE :V, H orV, L 
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• Static Column Mode Write Cycle (2) 



RAS 



\ 



cs 



tASR 



Address : 



«•> 



V-T 



7 X. 



tRASC 



tcSH 



tRCO 



1. 



\ 



tAWR 



^RAH 



Row 



UW/LW 



I/01— 1/016 

Dout — 



' ASW 




tSP 



"L 



f 



tsi, 



Column 



twCR 




jwcj. 



tRSWD 



*DHR 



\& 




*&2± 



tAHW 



tASW 



\-fWy-L 




tsc 



\ 



tSP 



A 



A 



"N. 



JT 



tAHW 



Column 



X. 



tw j£ 




JPt 



Din 



&. 




tASW 




tSP 



4 tRP » 



/ 



1. 



_i L 



A 



«-M* 



Column 



twcs, 



twcH, 




& 



Din 



& 




tAHW 




^_twCH ^ 




JjJJ. 



Din 




High-Z** 



^ :V, H orV, L 



twcs^t W cs(min) 
OE :V| H orV, L 
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HM511666 Series 



» Static Column Mode Upper Byte Early Write Cycle (1) 



}. 



RAS 



\ 



cs 



T-ASR 



Address : 



"V. 



*RASC 



J" 



r 

V 



tRCD 



"X 



\ 



Row 



UW 



I/09-H/016 



Dout 



LW 



1/01-1/08 
Dout 



i. 



_7T 



tRAH 



*A$W 



+-+ 




"L 



i 



^•Wk- r - 



Column 



tAWR 



twcR 



Y 



>^ 



tRSWO 



H 




twp 



tAHW 




"L 



*ASW 

iwi 



} 



Column 



«-> 



.£ is. 



H 



Din 



tpHR 




fc. 



\ 




tAHW 
tASW 



twp , 



" 7T 



tw 



*CWL 



tRWL 



Column 



tAHW 



r\ 



tsc 



H 



Din 



X 



JT 




«5* 



< tRP ► 



*SRS 




twF 



tpj. 



Din 



X 




High-Z** 



^"►tMRH 




High-Z 



^:V IH orV IL 



twcs-^wcsinnin) 



OE :V, H orV, L 
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HM511666 Series 

• Static Column Mode Upper Byte Write Cycle (2) 



RAS 



1L 



cs 



Address : 



*RASC 



kSH 



*RCD 



*AWR 



UW 



Din: 



1/09-1/016 



Dout 



LW 



Din^ 



1/01-1/08 



Dout 



*SP 



~\ 7T 



r- 



twCR 




twC 



tRSWD 



*DHR 



tsu 



,twCH 



tsc 



\ 



4 * > 



'\ 7i 



S 



/ 



, t S i, 




twc^ 




'£\ 




*MCH 



twcs^ 



iwCH, 



A 



.tsp 



*RP 
-4 — ► 



/" 



"V_ 





High-Z*« 



tMCS *MCH 

< 



7 



r 



<-^> 



twCH 




* tMCS 



tMRH 



Wmch 




High-Z 



23 : V, H or V, L ** twcs - *wcs (™»n) 



OE :V, H orV, L 
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HM511666 Series 



• Static Column Mode Lower Byte Early Write Cycle (1) 



RAS 



\ 



tT 



cs 



*ASR 



Address : 



tRASC 



1 



*RCP 



\ 



Row 



LW 



1/01-1/08 



Dout 



- m 

uw ""■ 



J" 



tRAH 



*ASW 




r 



~±.m>,¥ 



Column 



tAWR 



twcR 



jwc: 



TL 



*RSWD 



&\ 



twp 



*AHW 



*RWL 




7" Wl 



tASW 

tyyi 



/* 



Column 



H 



tDHR 



fc. 




iwp 



Uhw 

tASW 

twi 



Column 



Uhw 



- t 



< » 



tsc 



H 




-$*! 



\ 



^RP 

4 — ► 



*SRS 




t W F 



tgj. 



/ 



High-Z** 



**"**t|y/|| 




* K 



:V, H orV, L ** twcs^twcs(min) 



OE :V IH orV| L 
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HM511666 Series 

• Static Column Mode Lower Byte Write Cycle (2) 



}. 



RAS 



CS 



*ASR 



Address : 



t RASC 



kSH 



< ^ ► 



i- 
^ 



tAWR 



^RAH 



Row 



LW 



1/01-1/08 



Dout 



uw 



1/09-1/016 



Dout 



J- 




ASW 



t$P 
4 * ► 



X 



;~ 



Column 



twCR 



^wcjl 




*R$WD 



tDHR 



H 




Uhv 



tsi, 



tASW 




twCH 



« & „ 



\ 



tSP 



-\_ 



hi 
X — X 



1 



tAHW 



Column 



t wcj p 




H 



Din 



tMCS 




Jt 



& 




tMCH 



tASW 




twcs, 



twCH t 



«-► 



tSP 



\ 



/ 



-4-s: >. 



tAHW 



Column 




4*1 



Din 




High-Z** 



^MCS tMCH 

< 



& 



tRP 

<4 ™L ► 



/ 



*-M> 




twCH 



^ 



Din 



' tMCS 



tMRH 



High-Z 





^►fMCH 





^ :V, H orV !L 



twcs-t W cs( mm ) 



OE :V| H orV, L 
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HM511666 Series 



• CS Before RAS Refresh Counter Check Cycle (Read) 



RAS 



\ 



CS 






, tc$R , 



Address 



UW 



Din 



1/01-1/016 



Dout 



r 



j- 



< tcm ► 



*CPT 

« — ► 



V \ 



T 



*ASC 




tRCS 





*dzc 




High-Z 



<— i52 ► 



tsp 



*RP 



- 



Column 



*SRS 




tRRH 



tRRH 



High-Z 



t DZO 




tp^ 



tCAC 



^2 



, t RCH , 





< tcDD > 




< t0FF1 n 



I 



Dout 



^JOFF^ 



< tQDD » l 




^ :V, H orV, L 
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HM511666 Series 

• CS Before RAS Refresh Counter Check Cycle (Write) 



"H- 



RAS 



CS 



JCSR . 



X. 



Address 



UW 



LW 



Din 



1/01-1/016 



Dout 



OE 



r 



< tcHR » 



t 



*CPT 
< — ► 



*ASW 



«— t T 




\ 



*RSH 



kAS 



"L 



tAHW 



Column 





A. 




«— IK ► 



F 



\ 



*SRS 




<e _ i2JJ — > 



Din 




High-Z 




:V, H orV !L 
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HM514100A Series 

HM514100AL Series Low Power Version 

HM514100ASL Series Super Low Power Version 
4,194,304-Word x 1-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514100A is a CMOS dynamic RAM organized 4,194,304 word x 
1-bit HM514100A has realized higher density, higher performance and various func- 
tions by employing 0.8 jam CMOS process technology and some new CMOS circuit 
design technologies. The HM514100A offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514100A to be packaged in standard 
350 mil 20-pin plastic SOJ, standard 300 mil 20-pin plastic SOJ, standard 400 mil 
20-pin plastic ZIP, 20-pin plastic TSOP I, 20-pin plastic TSOP I reverse type, 20-pin 
plastic TSOP II, and 20-pin plastic TSOP II reverse type. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 60 ns/70 ns/80 ns/1 00 ns (max) 

• Low Power Dissipation 

Active Mode 605 mW/550 mW/495 mW/440 mW (max) 

Standby Mode 11 mW (max) 

• Fast Page Mode Capability 

• 1 ,024 Refresh Cycles (16 ms, 128 ms, 256 ms) 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• Test Function 

• Battery Back Up Operation 

HM514100AL Series (L- Version) 

• Data Retention Operation 

HM514100ASL Series (SL- Version) 

■ ORDERING INFORMATION 



Preliminary 



Part No. 


Access Time 


Package 


HM5 14100AJ/ALJ/ASLJ-6 
HM5 14100AJ/ALJ/ASLJ-7 
HM5 14100AJ/ALJ/ASLJ-8 
HM5 14100AJ/ALJ/ASLJ-10 


60 ns 
70 ns 
80 ns 
100 ns 


350 mil 20-pin 
Plastic SOJ 
(CP-20DA) 


HM514100AS/ALS/ASLS-6 
HM5 14100AS/ALS/ASLS-7 
HM514100AS/ALS/ASLS-8 
HM514100AS/ALS/ASLS-10 


60 ns 
70 ns 
80 ns 
100 ns 


300 mil 20-pin 
Plastic SOJ 
(CP-20D) 


HM5 14100AZ/ALZ/ASLZ-6 
HM514100AZ/ALZ/ASLZ-7 
HM514100AZ/ALZ/ASLZ-8 
HM514100AZ/ALZ/ASLZ-10 


60 ns 
70 ns 
80 ns 
100 ns 


400 mil 20-pin 
Plastic ZIP 
(ZP-20) 


HM514100AT/ALT/ASLT-6 
HM514100AT/ALT/ASLT-7 
HM514100AT/ALT/ASLT-8 
HM514100AT/ALT/ASLT-10 


60 ns 
70 ns 
80 ns 
100 ns 


20-pin 

Plastic TSOP I 
(TFP-20DA) 


HM514100AR/ALR/ASLR-6 
HM5 14100AR/ALR/ASLR-7 
HM514100AR/ALR/ASLR-8 
HM514100AR/ALR/ASLR-10 


60 ns 
70 ns 
80 ns 
100 ns 


20-pin 

Plastic TSOP I 
Reverse Type 
(TFP-20DAR) 


HM514100ATT/ALTT/ASLTT-6 
HM5 14100ATT/ALTT/ASLTT-7 
HM514100ATT/ALTT/ASLTT-8 
HM5 14100ATT/ALTT/ASLTT-10 


60 ns 
70 ns 
80 ns 
100 ns 


20-pin 

Plastic TSOP II 

(TTP-20D) 


HM514100ARR/ALRR/ASLRR-6 
HM5 14100ARR/ALRR/ASLRR-7 
HM514100ARR/ALRR/ASLRR-8 
HM514100ARR/ALRR/ASLRR-10 


60 ns 
70 ns 
80 ns 
100 ns 


20-pin 

Plastic TSOP II 
Reverse Type 
(TTP-20DR) 



HM514100AJ Series 




(CP-20DA) 



HM514100AS Series 




(CP-20D) 



HM514100AZ Series 




(ZP-20) 



HM514100AT Series 




(TFP-20DA) 



HM514100AR Series 




3DTFP20DAR 



(TFP-20DAR) 



HM514100ATT Series 




(TTP-20D) 



HM514100ARR Series 




(TTP-20DR) 
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HM514100A Series 
■ PIN OUT 



HM514100AJ/ALJ/ASLJ Series 
HM514100AS/ALS/ASLS Series 



Hitachi Pin 


No. JEDEC Pin No. 




1 


\r = ^ : i) 






Dm [J_ 


1 26 


50 V " 




wl |jr 


2 25 


iTjDout 




1=5 E 

NC j 4 


3 24 


jiejcA? 


A9 1 

CAS 2 


4 23 


wJnc 


Dout 3 


A, ° Ll 


S 22 


16} A9 


NC 4 
V S S 5 

NC 6 
Din 7 


ao Ll 


9 18 


77] A8 


WE 8, 
RAS 9 


Al [_7 


10 17 


m|a7 


A10 10 


A2 (jlT 


11 16 


i7]a6 




A3 (jL 


12 15 


l7|A5 




V« Q7 


13 14 


11JA4 





(Top View) 

HM5 14100AZ/ALZ/ASLZ 
Series 



tAS 


2 


_Tp 


V„ 


4 




wT 


6 




A10 


8 




NC 


10 




A1 


12 




A3 


14 




A4 


16 




A6 


18 




AO 


20 





13 a; 

15 V tt 

17 A5 

19 A7 



HM514100AT/ALZ/ASLT Series 




(Top View) 



HM514100AR/ALR/ASLR Series 




O 



3 



(Top View) 



HM514100ATT/ALTT 
/ASLTT Series 



Din 1 C 





D 


WE 2C 




U 


RAS 3 C 




U 


NC 4C 




n 


A10 5 C 




D 


A0 6 C 




u 


Al 7 C 




3 


A2 8 C 




3 


A3 9 C 




3 


V CC 10 C 




D 



20 V SS 
19 Dou t 
18 CAS 
17 NC 
16 A9 



15 A8 
14 A7 
13 A6 
12 A5 
11 A4 



(Top View) 



HM514100ARR/ALRR 
/ASLRR Series 





v S s 


20 L 


O 


j 1 Din 


11 AO 

12 Al 

13 A2 

14 A3 


Doutl9 C 
CAS 18 C 




3 2 WE 
=1 3 RAS 


NC 


17 C 




3 4 NC 


A9 


16 C 




3 5 A10 


15 V CC 










16 A4 

17 A5 


A8 


15 C 




3 6 A0 


18 A6 


A7 


14 C 




3 7 Al 


19 A7 


A6 


13 d 




3 8 A2 


20 A8 


A5 


12 d 




H 9 A3 




A4 


11 C 




310 V CC 


0091-4 











(Top View) 



(Bottom View) 



PIN DESCRIPTION 



Pin Name 


Function 


Ao-A 10 


Address Input 


A0-A9 


Refresh Address Input 


Din 


Data-in 


Dout 


Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


v C c 


Power ( + 5V) 


v S s 


Ground 


NC 


No Connection 
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HM514100A Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V$$ 


v T 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§§ 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


Topr 


to + 70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°C 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions 0a = to + 70°C) 

(T A = to +60°C (SL- Version)) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 




v S s 











V 




Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 




4.0 


— 


5.5 


V 


1, 2 (SL- Version) 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


Vil 


-2.0 


— 


0.8 


V 


1 



Notes: 



All voltage referenced to Vgs- 
Data retention operation only. 




• DC Characteristics (T A = o to +70°C, V C c = 5V ±10%, V S s = 0V) 

(T A = to +60°C, V C c = 5V ±10%, V S s = 0V (SL-Version)) 



Parameter 


Symbol 


HM51*100A-6 


HM514100A-7 


HM514100A-8 


HM514100A-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


!CC1 


- 


110 


- 


100 


- 


90 


- 


80 


mA 


RAS, CAS Cycling 
t RC = Min 


1,2 


Standby Current 


ICC2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH 

D ut = High-Z 




- 


1 


- 


1 


- 


1 


- 


1 


mA 


CMOS Interface 

RAS, CAS > V CC - 0.2V 

Dout = High-Z 




[L-Version] 
Standby Current 


- 


200 


- 


200 


- 


200 


- 


200 


jiA 


CMOS Interface 
RAS, CAS = V IH 
WE, Address and 
D in = V IH orV IL 
D out = High-Z 


4 


[SL-Version] 
Standby Current 


- 


100 


- 


100 


- 


100 


- 


100 


juA 


CMOS Interface 
RAS, CAS = V IH 
WE, Address and 
Din = Vi H orV IL 
D out = High-Z 


4 


RAS Only 
Refresh Current 


J CC3 


- 


110 


- 


100 


- 


90 


- 


80 


mA 


t RC = Min 


2 


Standby Current 


ICC5 


- 


5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH 
CAS = V IL 
D ut = Enable 


1 


CAS Before RAS 
Refresh Current 


ICC6 


- 


110 


- 


100 


- 


90 


- 


80 


mA 


t R c = Min 




Fast Page Mode 
Current 


!CC7 


- 


110 


- 


100 


- 


90 


- 


80 


mA 


tpc = Min 


1,3 
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HM514100A Series 



► DC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s 
(T A = to +60°C, V cc = 5V ±10%, V S s 



0V) 

0V (SL-Version)) (continued) 



Parameter 


Symbol 


HM514100A-6 


HM514100A-7 


HM514100A-8 


HM514100A-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


[L-Version] 
Battery Back Up 
Operating Current 
(Standby with 
CBR Refresh) 


ice 10 


- 


300 


- 


300 


- 


300 


- 


300 


jiaA 


t RC = 125 ^is 

tRAS ^ 1 M-s 
WE = V IH , 
CAS = V IL Address, 
Din = V IH orV IL 
D out = High-Z 


4 


[SL-Version] 
Data Retention 
Current (Equivalent 
Refresh Time 
is 256 ms) 


- 


150 


- 


150 


- 


150 


- 


150 


JLlA 


tRC = 250 /AS 

t RAS < 200 ns 
WE = Vffl, 
CAS = V IL Address, 
Din = Vi H orV IL 
D out = High-Z 
4.0V < V cc < 5.5V 


4 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V IN < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


JLtA 


0V < V IN < 7V 
D out = Disable 




Output High 
Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


Vcc 


V 


High I out = - 5 mA 




Output Low 
Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice max ls specified at the output open condition. 

2. Address can be changed once or less while RAS = Vjl- 

3. Address can be changed once or less while CAS = Vjh- 

4. V CC - 0.2V < y IH < 6.5V and 0V < V IL < 0.2V. 

• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address, Data-in) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Q2 


— 


7 


pF 


1 


Output Capacitance (Data-out) 


Co 


— 


7 


pF 


1,2 



Notes: 1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vm to disable D out . 

• AC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 1 > 12 > 15 

(T A = to +60°C, V C c = 5V ±10%, V S s = 0V (SL-Version)) 

Test Conditions: Input rise and fall times: 5 ns 

Input timing reference levels: 0.8V, 2.4V 

Output load: 2 TTL Gate + CL (100 pF) (Including scope and jig) 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM514100A-6 


HM514100A-7 


HM514100A-8 


HM514100A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


110 


— 


130 


— 


150 


— 


180 


— 


ns 




RAS Precharge Time 


tRP 


40 


— 


50 


— 


60 


— 


70 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


15 


10000 


20 


10000 


20 


10000 


25 


10000 


ns 




Row Address Setup Time 


tASR 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


10 


— 


15 


— 


ns 
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HM514100A Series 



Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) (continued) 










Parameter 


Symbol 


HM514100A-6 


HM514100A-7 


HM514100A-8 


HM514100A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Column Address Setup Time 


*ASC 





— 





— 





— 





— 


ns 




Column Address Hold Time 


*CAH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


45 


20 


50 


20 


60 


25 


75 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


30 


15 


35 


15 


40 


20 


55 


ns 


9 


RAS Hold Time 


tRSH 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


tCSH 


60 


— 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


*CRP 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


— 


16 


ms 




Refresh Period (L- Version) 


tREF 


— 


128 


— 


128 


— 


128 


— 


128 


ms 




Refresh Period (SL- Version) 


tREF 


— 


16 


— 


16 


— 


16 


- 


16 


ms 





Read Cycle 



Parameter 


Symbol 


HM514100A-6 


HM514100A-7 


HM514100A-8 


HM514100A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


ns 


2, 3, 16 


Access Time from CAS 


tCAC 


— 


15 


— 


20 


— 


20 


— 


25 


ns 


3, 4, 14, 16 


Access Time from Address 


*AA 


— 


30 


— 


35 


— 


40 


— 


45 


ns 


3, 5, 14, 16 


Read Command Setup Time 


tRCS 





— 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 





— 





— 





— 





— 


ns 




Column Address to RAS Lead Time 


tRAL 


30 


— 


35 


— 


40 


— 


45 


— 


ns 




Output Buffer Turn-off Time 


tOFF 





15 





20 





20 





25 


ns 


6 




Write Cycle 



Parameter 


Symbol 


HM514100A-6 


HM514100A-7 


HM514100A-8 


HM514100A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 





— 


ns 


10 


Write Command Hold Time 


tWGH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


t W p 


10 


— 


10 


— 


10 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 





— 


ns 


11 


Data-in Hold Time 


tDH 


15 


— 


15 


- 


15 


- 


20 


— 


ns 


11 
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HM514100A Series 

Read-Modlfy-Write Cycle 



Parameter 


Symbol 


HM514100A-6 


HM514100A-7 


HM514100A-8 


HM514100A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify- Write Cycle Time 


tRWC 


130 


— 


155 


— 


175 


— 


210 


— 


ns 




RAS to WE Delay Time 


*RWD 


60 


— 


70 


— 


80 


— 


100 


— 


ns 


10 


CAS to WE Delay Time 


tcWD 


15 


— 


20 


— 


20 


— 


25 


— 


ns 


10 


Column Address to WE Delay Time 


*AWD 


30 


— 


35 


— 


40 


— 


45 


— 


ns 


10 



Refresh Cycle 
























Parameter 


Symbol 


HM514100A-6 


HM514100A-7 


HM514100A-8 


HM514100A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


10 


— 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


*RPC 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




CAS Precharge Time in Normal Mode 


tCPN 


10 


— 


10 


— 


10 


— 


10 


- 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HM514100A-6 


HM514100A-7 


HM514100A-8 


HM514100A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


40 




45 


— 


50 


— 


55 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


— 


100000 


ns 


13 


Access Time from CAS Precharge 


*ACP 


— 


35 


— 


40 


— 


45 


— 


50 


ns 


3, 14, 16 


RAS Hold Time from CAS Precharge 


tRHCP 


35 


— 


40 


— 


45 


— 


50 


— 


ns 





Fast Page Mode Read-Modify-Write Cycle 



Parameter 


Symbol 


HM514100A-6 


HM514100A-7 


HM514100A-8 


HM514100A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Read-Modify-Write Cycle Time 


tpCM 


60 


— 


70 


— 


75 


— 


85 


— 


ns 




CAS Precharge to WE Delay Time 


tcpw 


35 


— 


40 


— 


45 


- 


50 


- 


ns 


10 



Test Mode Cycle 
























Parameter 


Symbol 


HM514100A-6 


HM514100A-7 


HM514100A-8 


HM514100A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Test Mode WE Setup Time 


tws 





— 





— 





— 





— 


ns 




Test Mode WE Hold Time 


tWH 


10 


— 


10 


- 


10 


— 


10 


- 


ns 





Counter Test Cycle 
























Parameter 


Symbol 


HM514100A-6 


HM514100A-7 


HM514100A-8 


HM514100A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Precharge Time in 
Counter Test Cycle 


tCPT 


40 


- 


40 


- 


40 


- 


40 


- 


ns 
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HM514100A Series 



Notes: 1. AC measurements assume tj = 5 ns. 

2. Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that tRCD ^ tRCD (max) and tRAD ^ *RAD (max). 

5. Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max). 

6. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vih an d Vtl- 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAO 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD i s greater than the specified tRAD (max) limit, then access time is controlled exclusively by t^A- 

10. t\vcs» tRWD> tcwD» tAWD an d tcpw are not restrictive operating parameters. They are included in the data sheet as electri- 
cal characteristics only: if twcs - twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tRWD - tRWD (min), tcwD - tcWD (min), tAWD ^ tAWD (min) 
and tcpw ^ tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; 
if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. An initial pause of 100 jus is required after power up followed by a minimum of eight initialization cycle s (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is requi red. 

13. tRASC defines RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or tcAC or tACP- 

15. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits — RA10, CA10 and 
CA0. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the output data is low level. Data output pin is D out and data input pin is Dj n . In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

16. In a test mode read cycle, the value of tRAO tAA> tcAC an d tACP is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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HM514100A Series 

■ TIMING WAVEFORMS 
• Read Cycle 



KAS 



CAS 



M<Uov> 



wi-: 



Doul 



Usn 



i» 






tnc 



tllAS 



ksn 



t«co 



Irad 



Use 
— ► 
— ► 



How 



l HAH 




l RCS 



*HAC 



IrSH 



'CAS 



; 



Iral 



^j£AiL K 



km» 



Irp 
-4 ■■ ■ ► 



.1 




Ua 

► 



A^> 



tncii 



l orF 



< Dout 




\ffly\ * D <>"'1 car 
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HM514100A Series 



• Early Write Cycle 



HAS 



CAS 



Addiess 



WE 



Din 



Dout 



tASK 



IRC 



Ws 



ksn 



tRCD 



"i. 



Row 



tflAH 



l A$C 



*RSH 



*CA$ 

-4 V 



F 



/• 



Irp 



kup 



4 CA»I 
.4 ► 



Column 




»os 



> «■ 




tun 



Din 




Htcjh-Z*« 



t wlS St WC s (nun) 
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HM514100A Series 



• Delayed Write Cycle 



HAS 



t 

— > 



CAS 



USH 



Address 



tHC 



Iras 



j/ 1 



kstt 



■4 — 



^G) 



^iHAM^ 



Row 




*WSH 



*CAS 



^JCAH_„ 



Use 

«< — 



Column 



l RCS 



«-► 



A ICWL y 



tftWL 



iRP 



kwr 



V 





l o$. 



Din 



*WP 



<H 




Pout 



/ \ " _ 

•( Invalid Dout r 



torr 



* ffl$\ ' Don* I care 
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HM514100A Series 



> Read-Modify-Write Cycle 



HAS 



V 



u 



CAS 



l A$R_ h 



Address 



WE 



Din 



Dout 




tuwc 



tuco 



< [ h0 > 



V^* 



Row 



* ASC ^ 




tncs 



^JCAM.,. 



Column 



l AWO 



< icm ^ 

Irwi 






kw» 



">. 



V 




Irwo 




tflAC 







Lin 




> 



kAC 

A — 

*AA 



torr 

A— ► 



Do it 



%?J] : Don't coie 
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HM514100A Series 

• RAS Only Refresh Cycle 



HAS 



CAb 



\ 



HP 



It 



*— Hip 



tnc 



„ Iras „ 



*np 



Irpc 



*ciu» 



v 



1|IAH 

^Jasu 



Row 



Doul 



HiglvZ 



* [^^ : Don't care 
* * Refresh address : AO - A9 (AXO - AX9) 
*** WE: Don't core 



• CAS Before RAS Refresh Cycle 



RAS 



*RP 



— I *RPC 



CAS 



Address 



Dout 



Z 



*CPN 



*CSR 



■ *RC 



*RAS 



*CHR 



W 



*CPN 



_j-\_JE2i, / 



«RC 



\-xr^j~\ 



*CSR 



*RAS *RP 

~* la. 



■ *CHR 



W 



Z 



"«-»•] *OFF 



High-Z 



* 1^71 : Don't care 
** WE :V |N 
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HM514100A Series 



1 Hidden Refresh Cycle 



HAS 



\ 



{ i> 



CAS 



Adiliess 



H- t|W ^ 



(Rend) 



Wli 



Imp 



*HC 



< l " AS ► 
(Refresh) 



tflP 



F\ 



Mc 



4 lRAS ► 
(Refresh) 



/ 



kUR 



*CAS 



Dout 



Irp 







* W/Z 



: Don't care 
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HM514100A Series 

• Fast Page Mode Read Cycle 



Irasc 



IffltCP 



Dout 



<-!£—> 







Doul 



>— 



: Don't care 
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HM514100A Series 



• Fast Page Mode Early Write Cycle 



HAS 



CAS 



tHASC 



*csu 



l KCO 



\ 



«i<AV 



ipc 



< — — ►• 



/ 'S 



«iCAL„ 



/ 



kp 
< — - — ► 



\ 



A^i ► 



c 



^HP 



tCRP 



V 




Dout 



IlicjIvZ** 



l^^l : Don't care 
t wcs ?u w cs(rnin) 
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HM514100A Series 



• Fast Page Mode Delayed Write Cycle 



KAS 



CAS ll ~> 






tftASC 



ksn 



« ^!L_> 



< — 



Use 
-> 



*RAH 



«JCAL_„ 



I 



«-► 



kA»i 



ti»c 



« — — -► 



\ 



Use 



+&*-> 



/ 



« ► 



l CAM 



-i i 



kf» 



\ 



Use 

— ► 



^JRSM — ^ 






|j :ah 



/> 



^ — iil— ► 



/ 



«-^». 



v 




<lnvatid * ; 
Dout A 



Invalid ' 
Dout -. 



VM//A • Oon'l core 
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HM514100A Series 



• Fast Page Mode Read-Modify-Write Cycle 



KA!> 



CAS 



Addn 



l ASH 



*RA$c 



l H(P 



7 A-' — - 



Use 
— > 

l«AII 



WK 



l CAI 



IpCM 



A ^—^ 



\ 



l ASC 



kA 

« ► 



l CWl 



tCP 



-*. 



tASC 



^k 



te 



Jpw^ 



t 



Irp 

< — — ► 



i 



+ **!-> 



V 




* w, 



Dout \ 



: Don' l caie 
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HM514100A Series 
• Test Mode Cycle 



HAS 



CAS 



™%. 



Set Cycle** * 



JUVA-^L/^ 



Test Mode Cycle 



-^ 



Reset 
Cycle •, ••* 



WV'V 



T 



J 



Notmnl Mode 



* COR or RAS only refresh 

** \4$2 '" Donl care 
*•• Address, Din : Don't care 



• Test Mode Set Cycle 

WE And CAS Before RAS Refresh 




















RAS 

CAS 

WE 
Address 

Dout 




t _ 






<* *RP ► 




<* *RP ► 


^ 




1 


- 


Wc *CRP 




*RPC 


. t ° SR ^ 


^HR 


+ Vr 






« » 




iJT 


-a 


*■ Crrt »■ 




_/ 


*CPN ■ 


f * 


y 


i- 




^* WS . 


«4 *«■ 










WW< 


^ W///////////////A 






»^^^^^^ 




.*— *\\ 


OFF 

High-Z 


W//A* 












♦E 


2 


: Don 


r t care 

0091-19 



HITACHI 

264 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM514100A Series 



• Test Mode Reset Cycle 

I Before RAS Refresh Cycle 



RAS 



CAS 



WE 



Address 



Dout 




High-Z 



♦ Y771 : Don't care 



RAS Only Refresh Cycle 



RAS 



fop 



*RC 



x r. — ~\ 



*RAS 



■*RP- 



Wc .W 



Address 



Dout 



, *ASR Wh t 



High-Z 



♦ Refresh address A0~A9(AX0~AX9) 
** Y//\ : Don't care 
**♦ WE: Don't care 
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HM514100A Series 



• CAS Before RAS Refresh Counter Check Cycle (Read) 



RAS 



CAS 



\ 



*CSR 

M !»« 



/ 



*CHR 



* fr» 



*CPT 



/~\ 



Address 




*RSH 



*CAS 



*CAR 



W 



/ 



"«— W 



Column 



*ws 



*w — W 



*RCS 



3^m 



■*RRH 



Dout 



*CAC 



*RCH 

« *•- 



Dout 



3- 



F771 : Don't 
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HM514100A Series 



• CAS Before RAS Refresh Counter Check Cycle (Write) 



HAS 



\ 



tCSR 



^_tCM iL ^ 



< -j£Hl^ > 



< _t m ^ 



*CAS 



t|U» 



/ 



-y. 



«> l cnp 




Jos, 



4 \m ► 



Din 



Dout 



High-Z 



* vy/za • Don't care 
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HM514400A Series 

HM514400AL Series Low Power Version 

HM514400ASL Series Super Low Power Version 
1,048,576- Word x 4-Bit Dynamic Random Access Memory 



Preliminary 



■ DESCRIPTION 

The Hitachi HM514400A is a CMOS dynamic RAM organized 1,048,576 word x 
4-bit. HM514400A has realized higher density, higher performance and various func- 
tions by employing 0.8 jum CMOS process technology and some new CMOS circuit 
design technologies. The HM514400A offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514400A to be packaged in standard 
350 mil 20-pin plastic SOJ, standard 300 mil 20-pin plastic SOJ, standard 400 mil 
20-pin plastic ZIP, 20-pin plastic TSOP I, 20-pin plastic TSOP I reverse type, 20-pin 
plastic TSOP II, and 20-pin plastic TSOP II reverse type. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 60 ns/70 ns/80 ns/1 00 ns (max) 

• Low Power Dissipation 

Active Mode 605 mW/550 mW/495 mW/440 mW (max) 

Standby Mode 11 mW (max) 

• Fast Page Mode Capability 

• 1,024 Refresh Cycles (16 ms, 128 ms, 256 ms) 

• 3 V ariatio ns of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

Hidden Refresh 

• Test Function 

• Battery Backup Operation 

HM514400AL Series (L- Version) 

• Data Retention Operation 

HM514400ASL Series (SL- Version) 

■ ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HM5 14400AJ/ALJ/ASLJ-6 
HM514400AJ/ALJ/ASLJ-7 
HM5 14400AJ/ALJ/ASLJ-8 
HM514400AJ/ALJ/ASLJ-10 


60 ns 
70 ns 
80 ns 
100 ns 


350 mil 20-pin 
Plastic SOJ 
(CP-20DA) 


HM514400AS/ALS/ASLS-6 
HM514400AS/ALS/ASLS-7 
HM514400AS/ALS/ASLS-8 
HM514400AS/ALS/ASLS-10 


60 ns 
70 ns 
80 ns 
100 ns 


300 mil 20-pin 
Plastic SOJ 
(CP-20D) 


HM514400AZ/ALZ/ASLZ-6 
HM514400AZ/ALZ/ASLZ-7 
HM5 14400AZ/ALZ/ASLZ-8 
HM514400AZ/ALZ/ASLZ-10 


60 ns 
70 ns 
80 ns 
100 ns 


400 mil 20-pin 
Plastic ZIP 
(ZP-20) 


HM5 14400AT/ALT/ASLT-6 
HM5 14400AT/ALT/ASLT-7 
HM5 14400AT/ALT/ASLT-8 
HM514400AT/ALT/ASLT-10 


60 ns 
70 ns 
80 ns 
100 ns 


20-pin 

Plastic TSOP I 
(TFP-20DA) 


HM514400AR/ALR/ASLR-6 
HM5 14400AR/ALR/ASLR-7 

HM514400AR/ALR/ASLR-8 
HM514400AR/ALR/ASLR-10 


60 ns 
70 ns 
80 ns 
100 ns 


20-pin Plastic 
TSOP I 
Reverse Type 
(TFP-20DAR) 


HM5 14400ATT/ALTT/ASLTT-6 
HM5 14400ATT/ALTT/ASLTT-7 

HM5 14400ATT/ALTT/ASLTT-8 
HM5 14400ATT/ALTT/ASLTT- 10 


60 ns 
70 ns 
80 ns 
100 ns 


20-pin 

Plastic TSOP II 

(TTP-20D) 


HM5 14400ARR/ALRR/ASLRR-6 
HM5 14400ARR/ALRR/ASLRR-7 
HM5 14400ARR/ALRR/ASLRR-8 
HM5 14400ARR/ALRR/ASLRR- 10 


60 ns 
70 ns 
80 ns 
100 ns 


20-pin Plastic 
TSOP II 
Reverse Type 
(TTP-20DR) 



HM514400AJ/ALJ/ALSJ Series 




(CP-20DA) 



HM514400AS/ALS/ASLS Series 




(CP-20D) 



HM514400AZ/ALZ/ASLZ Series 




(ZP-20) 



HM514400AT/ALT/ASLT Series 




(TFP-20DA) 



HM514400AR/ALR/ASLR Series 




(TFP-20DAR) 



HM5 14400ATT/ALTT/ASLTT 
Series 




(TTP-20D) 



HM5 14400ARR/ALRR/ASLRR 

Series 




(TTP-20DR) 
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HM514400A Series 



PIN OUT 



HM514400AJ/ALJ/ASLJ Series 
HM514400CAS/ALS/ASLS Series 



Hitachi Pir 


No 


. JEOEC Pin No 


/ 




^J/ 






l/OI fl 


i 




26 


i3 V " 


1/01 (_2_ 


2 




25 


^9|U04 


WE [j 


3 




24 


iu]i/oi 


RAS jT_ 


4 




23 


i7]ca7 


A9 Q_ 


S 




22 


16(oT 


AO JT_ 


9 




18 


l7| AS 


Al [7 


10 




17 


i7|A7 


A2 [a_ 


11 




16 


3 A6 


A3 Q_ 


12 




IS 


"u\ AS 


». E 


13 




14 


j7jA4 



(Top View) 



HM514400AT/ALT/ASLT Series 




(Top View) 



HM514400ATT/ALTT/ASLTT Series 



1/01 1 c 


O 


1/02 2C 
WE 3C 
RAS 4C 




A9 5 C 




AO 6 C 




Al 7 C 




A2 8 C 




A3 9 C 




V CC 10 C 





20 V SS 

19 1/04 

3 18 1/0 3 

U 17 CAS 

16 OE 



15 AS 
14 A7 
13 A6 
12 A5 
11 A4 



(Top View) 



HM514400AZ/ALZ/ASLZ Series 



CAS 


2 


=r 


1/04 


4 


cP 


l/OI 


6 


cjr 


~m 


8 


vi=> 


A9 


10 


<=jr 


Al 


12 


^C 


A3 


14 


fa 


A4 


16 


fa 


A6 


16 


fa 


A8 


20 


.^Jj 



I OE 

3 1/03 

5 V n 

7 1/02 

9 RAS 

II AO 
13 A2 

1$ v cc 

17 AS" 

19' A7 



(Bottom View) 



HM514400AR/ALR/ASLR Series 




(Top View) 



HM514400ARR/ALRR/ASLRR Series 



V SS 20 C 
1/04 19 C 
1/03 18 C 
CAS 17 C 
OE 16 C 





3 1 1/01 
3 2 1/02 
3 3 WE 
3 4 RAS 
3 5 A9 


A8 15 C 
A7 14 C 
A6 13 C 
A5 12 C 
A4 11 C 




3 6 AO 
3 7 Al 
3 8 A2 
3 9 A3 
310 V CC 



(Top View) 




PIN DESCRIPTION 



Pin Name 


Function 


A0-A9 


Address Input 


A0-A9 


Refresh Address Input 


I/O1-I/O4 


Data-in/Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


OE 


Output Enable 


Vcc 


Power ( + 5V) 


v S s 


Ground 
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HM514400A Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§s 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


w 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


*opr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to + 70°C) 

(T A = to +60°C (SL-Version) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 




Vss 











V 




Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 




4.0 


— 


5.5 


V 


1, 2 (SL-Version) 


Input High Voltage 


Vm 


2.4 


— 


6.5 


V 


1 


Input Low 


(I/O Pin) 


ViL 


-1.0 


— 


0.8 


V 


1 


Voltage 


(Others) 


Vil 


-2.0 


— 


0.8 


V 


1 



Notes: 1. All voltage referenced to Vss- 
2. Data retention operation only. 

• DC Electrical Characteristics (Ta = 

(T A = 



to + 70°C, V C c = 5V ±10%, V S s = 0V) 

to +60°C, V C c = 5V ±10%, V S s = 0V (SL-Version) 



Parameter 


Symbol 


HM514400A-6 


HM514400A-7 


HM514400A-8 


HM514400A-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


J CC1 


- 


110 


- 


100 


- 


90 


- 


80 


mA 


RAS, CAS Cycling 
t RC = Min 


1,2 


Standby Current 


!cC2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH , 
D out = High-Z 




- 


1 


- 


■ 


- 


1 


- 


1 


mA 


CMOS Interface RAS, 
RAS, CAS > V cc - 0.2V, 
Dout = High-Z 




[L-Version] 
Standby Current 


- 


200 


- 


200 


- 


200 


- 


200 


u-A 


CMOS Interface 
RAS, CAS = V IH , 
WE, OE, Address and 
Din = V IH orV IL , 
Dout = High-Z 


4 


[SL-Version] 
Standby Current 


- 


100 


- 


100 


- 


100 


- 


100 


jaA 


CMOS Interface 
RAS, CAS = V IH , 
WE, OE, Address and 
Din = V IH orV IL , 
D out = High-Z 


4 


RAS Only Refresh 
Current 


J CC3 


- 


110 


- 


100 


- 


90 


- 


80 


mA 


tRc = M i n 


2 
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HM514400A Series 



► DC Electrical Characteristics (continued) (T A = to +70°C, V cc = 5V ±10%, V S s = 0V) 

(T A = to +60°C, V C c = 5V ±10%, V S s = 0V (SL-Version) 



Parameter 


Symbol 


HM514400A-6 


HM514400A-7 


HM514400A-8 


HM514400A-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Standby Current 


!CC5 


- 


5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH , 
CAS = V IL , 

D out = Enable 


1 


CAS Before RAS 
Refresh Current 


!CC6 


- 


110 


- 


100 


- 


90 


- 


80 


mA 


t RC = Min 




Fast Page Mode 
Current 


!CC7 


- 


110 


- 


100 


- 


90 


- 


80 


mA 


tpc = Min 


1,3 


[L-Version] 
Battery Backup 
Operating 
Current 
(Standby with 
CBR Refresh) 


Jccio 


- 


300 


- 


300 


- 


300 


- 


300 


/xA 


tRC = !25 j^s, 

tRAS ^ 1 M<s, 

WE = V IH , CAS = V IL , 

OE, Address and 

Din = Vi H orV IL , 

D out = High-Z 


4 


[SL-Version] 
Data Retention 
Current 
(Equivalent 
Refresh Time 
is 256 ms) 


ice 10 


- 


150 


- 


150 


- 


150 


- 


150 


juA 


t RC = 250 juts, 

t RAS < 200 ns, 

WE = V IH , CAS = V IL , 

OE, Address and 

D in = V IH orV IL , 

Dout = High-Z, 

4.0V < V CC ^ 5.5V 


4 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


JLtA 


0V < V m < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 


ov<v out <?v, 

D out = Disable 




Output High Voltage 


VOH 


2.4 


v C c 


2.4 


v C c 


2.4 


V C C 


2.4 


V C C 


V 


High I out = - 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 


V 


Lowl out = 4.2 mA 






Notes: 1. Ice depends on output load condition whe n the device is selected, Ice max ls specified at the output open condition. 

2. Address can be changed once or less while RAS = Vjl- 

3. Address can be changed once or less while CAS = Vm- 

4. V C c ~ 0.2V < v IH < 6.5V and 0V < V IL < 0.2V. 

• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Q2 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


Cl/O 


— 


10 


pF 


1,2 



Notes: 



1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = V IH to disable D out . 
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HM514400A Series 



• AC Characteristics (T A = to +70°C, V C c = 5V ±10%, V ss = 0V) 1 - 14 > 15 > 16 

(T A = to 60°C, V C c = 5V ±10%, V S s = 0V (SL- Version)) 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM514400A-6 


HM514400A-7 


HM514400A-8 


HM514400A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


110 


— 


130 


— 


150 


— 


180 


— 


ns 




RAS Precharge Time 


tRP 


40 


— 


50 


— 


60 


— 


70 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


15 


10000 


20 


10000 


20 


10000 


25 


10000 


ns 




Row Address Setup Time 


tASR 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


10 


— 


15 


— 


ns 




Column Address Setup Time 


tASC 





— 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


45 


20 


50 


20 


60 


25 


75 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


30 


15 


35 


15 


40 


20 


55 


ns 


9 


RAS Hold Time 


tRSH 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


tCSH 


60 


— 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




OE to D in Delay Time 


tODD 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




OE Delay Time from D in 


tDZO 





— 





— 





— 





— 


ns 




CAS Setup Time from Dj n 


tDZC 





— 





— 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


— 


16 


ms 




Refresh Period 
(L-Version) 


tREF 


- 


128 


- 


128 


- 


128 


- 


128 


ms 




Refresh Period 
(SL-Version) 


tREF 


- 


16 


- 


16 


- 


16 


- 


16 


ms 





Read Cycle 



Parameter 


Symbol 


HM514400A-6 


HM514400A-7 


HM514400A-8 


HM514400A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


ns 


2, 3, 17 


Access Time from CAS 


*CAC 


— 


15 


— 


20 


— 


20 


— 


25 


ns 


3,4,13,17 


Access Time from Address 


*AA 


— 


30 


— 


35 


— 


40 


— 


45 


ns 


3,5,13,17 


Access Time from OE 


tOAC 


— 


15 


— 


20 


— 


20 


— 


25 


ns 


3,17 


Read Command Setup Time 


tRCS 





— 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 





— 


ns 


18 


Read Command Hold Time to RAS 


tRRH 





— 





— 





— 





— 


ns 


18 


Column Address to RAS Lead Time 


tRAL 


30 


— 


35 


— 


40 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tOFFl 





15 





20 





20 





25 


ns 


6 


Output Buffer Turn-off to OE 


k)FF2 





15 





20 





20 





25 


ns 


6 


CAS to Di n Delay Time 


tCDD 


15 


— 


20 


— 


20 


- 


25 


- 


ns 
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HM514400A Series 



Write Cycle 



Parameter 


Symbol 


HM514400A-6 


HM514400A-7 


HM514400A-8 


HM514400A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


twp 


10 


— 


10 


— 


10 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


*CWL 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 


11 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM514400A-6 


HM514400A-7 


HM514400A-8 


HM514400A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


150 


— 


180 


— 


200 


— 


245 


— 


ns 




RAS to WE Delay Time 


tRWD 


80 


— 


95 


— 


105 


— 


135 


— 


ns 


10 


CAS to WE Delay Time 


tcWD 


35 


— 


45 


— 


45 


— 


60 


— 


ns 


10 


Column Address to WE Delay Time 


*AWD 


50 


— 


60 


— 


65 


— 


80 


— 


ns 


10 


OE Hold Time from WE 


*OEH 


15 


— 


20 


— 


20 


— 


25 


— 


ns 






Refresh Cycle 
























Parameter 


Symbol 


HM514400A-6 


HM514400A-7 


HM514400A-8 


HM514400A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




CAS Precharge Time in Normal Mode 


tCPN 


10 


— 


10 


— 


10 


— 


10 


— 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HM514400A-6 


HM514400A-7 


HM514400A-8 


HM514400A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


40 


— 


45 


— 


50 


— 


55 


— 


ns 




Fast Page Mode CAS Precharge Time 


*CP 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


— 


100000 


ns 


12 


Access Time from CAS Precharge 


tACP 


— 


35 


— 


40 


— 


45 


— 


50 


ns 


3, 13, 17 


RAS Hold Time from CAS Precharge 


tRHCP 


35 


— 


40 


— 


45 


— 


50 


— 


ns 




Fast Page Mode Read- 
Modify-Write Cycle 
CAS Precharge to WE 
Delay Time 


tcpw 


55 


- 


65 


- 


70 


- 


85 


- 


ns 




Fast Page Mode Read-Modify- 
Write Cycle Time 


tpCM 


80 


- 


95 


- 


100 


- 


110 


- 


ns 
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HM514400A Series 
Test Mode Cycle 











HM514400A-6 


HM514400A-7 


HM514400A-8 


HM514400A-10 


Unit 


Note 






Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Test Mode WE Setup time 


tws 





— 





— 





— 





— 


ns 




Test Mode WE Hold Time 


tWH 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Counter Test Cycle 


Parameter 


Symbol 


HM514400A-6 


HM514400A-7 


HM514400A-8 


HM514400A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Precharge Time in 
Counter Test Cycle 


tCPT 


40 


- 


40 


- 


40 


- 


50 


- 


ns 





Notes: 1. 
2. 

3. 
4. 
5. 
6. 



AC measurements assume tj = 5 ns. 

Assumes that tRCD - tRCD (max) and tRAD - tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 

Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

Assumes that tRCD 2s tRCD (max) and tRAD (max). 

Assumes that tRCD ^ *rcd ( max ) anc ^ tRAD - tRAD (max). 

tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 

Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between Vih anc * Vtl- 

Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD i s greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

t\vcs» tRWD> tcwD an d tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs - twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 

(high impedance) throughout the entire cycle; if tRWD - tRWD (min), tcw~D ^ tcwD (min), tAWD - tAWD (min), the 

cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 

conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 

read-modify-write cycle. 

tRASC defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of tAA or tcAC or tACP- 

An initial pause of 100 jits is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 

cycles is required. 

In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

Test mode operation specified in this data sheet is 2-bit test function controlled by control address bits . . . CA0. This test 

mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 

will be performed by normal read cycles or by WCBR refresh cycles. When the state of two test bits accord each other, the 

condition of the output data is high level. When the state of test bits do not accord, the condition of th e output data is low 

level. In order to end this test mode operation, perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

In a test mode read cycle, the value of tRAO tAA> tcAO to AC an d tACP 1S delayed for 2 ns to 5 ns for the specified value. 

These parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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HM514400A Series 



I TIMING WAVEFORMS 
• Read Cycle 



RAS 



"\ 



CAS 



Address 



IRC 



*RAS 



/ 



<_^«£2 y 



WE 



Dout 



Din 



OC 



tflCS 



t«SH 



tCAS 



ksii 




High-2 



tftAC 



*dzc 



*CAC 



tAA 



*OAC 



High-Z 



Ujzo 



i — != > 



\ 



l RCM 



k — ► 



7 Dout V 



IQFF2 



^_l££2_^ 



*ODD 



: Don't care 
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HM514400A Series 
• Early Write Cycle 



RAS 



CAS 



Address 



Din 



Dout 



s. 



it*t 



tRC 



tRAS 



tRCD 



tc$M 



\ 



JRAH 



*A$C 



tRSH 



*CAS 



^J£AH_^ 



Column 




< tDS K «- 



.r 



twCM 



tOH 



Din 



A-*=-A 



kRP 



Hioh-Z 



* l^^l : Don't care 
** OC : Don't core 
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HM514400A Series 



• Delayed Write Cycle 



HAS 



CAS 



l ASI< . 



Ad'lress 



tRC 



*RAS 



k$H 



tj<CD 



t ASC y 



^_J!1AH__ K 



*KCS 



WE 



Uua^ 



„-*!«_,. 



Dout 



V 



*RSH 



l CAS 



*CAH 



■„ — «saa ► 

. *RWl 



Column 




<o U 



l ODD 



v-T 



*RP 



-K it 
*crp 



„!e»L„ 



k)EH 



Invalid K 
Dout**.c 



*OFf2 



* |^2&| : Don't care 
** Invalid Dout comes out, when OE is low level. 
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HM514400A Series 

• Read-Modify-Write Cycle 



RAS 



CAS 



\ 



Address 



*RWC 



WE 



Din 



Dout 



OC 



t 




v — j 

Doul) 

toAC t V 

< ► 




A. 



k«p 



t0FF2 
*OOD 



t O£ii_ 



: Dcm'i c«ire 
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HM514400A Series 



• RAS Only Refresh Cycle 



RAS 



CAS 



Address 



tCKP <Z # 



tRC 



< ^ ► 



r 



t 



< !k ► 



fRPC 



*CRP 
H— 



*ASR 



Row 



High-Z 



* P.!? .VJ^" : Don * care 

** [%%%| : Don't care 
* * * Refresh address : AO - A9 (AXO - AX9) 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 



< ^ ► 



tCPN 



J 



j. — : 



to 






tuc 



i x ™ > 



\. 1 



< — ► 



!$* 



<CPN 



.C 



> 



H 



\ 



<-*&-> 



*RP 

|« — ~ ► 



tci.R 



F 



*CRP 



Address j 



^OFFI 



Dout 



High-Z 



[%j%j : Don'l care 
WE :V„, 
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HM514400A Series 

• Hidden Refresh Cycle 



RAS 



CAS 



\ 



tASrt 



Address 



WE 



'(_ 



tRAH 



tRC 



< tRAS ► 



(Read) 



/' 



'ASH. 



tASi, 



-1HSL+ 



Row 
*RCS 



Jj(AC_ 



\ 



< 2Sl£.y 



tRP 



tRC 



< tRAS > 

(Refresh) 



» 



Mp . 



tRC 



"\ 



tCA$ 



^_tRAS_ y 

(Refresh) 



kHR 



x H- 

tCRP 



<— tRAl 



tCAM 



Column 



t|»o 



4SS£|. 



High-2 



Dout 



A 



/ 



tf 




tOff2 



tCDO 



<-!22SL 



: Don't care 
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HM514400A Series 



• Fast Page Mode Read Cycle 



RAS 



CAS 



\ 



t T — ► 



Address 



tflASC 



kSH 



A — 

A 'MO_ y 



WE 



Din 



OE 




*DZC 



l RAC 



+&*+ 



tCDO 

y 



High-2 



im.% 



tpc 



tcp 

< — ^-v 



A^> 




l DZC 



l CJD 



*RHCP 



T 



<-* + 



-4— 




l CAS 



■ 'ozc 



< — !£-► 



{Cfit 



koo 



tOAC 



||j%| : Don'l cure 
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HM514400A Series 

• Fast Page Mode Early Write Cycle 



RAS 



CAS 



t T — ► 



Address j 



Wfc 



USR 



tRASC 



tCSH 



< ~ X * co ► 



\ 



Row 



Din 



Dout 



*RAH 

Use 



<^ 



tpc 



tcp 

a — — ► 



r 



\. 7 



JcAy 



Col. 



-AW27X 

l wcs 



&f 



^» 



■4 — — ► 



I 



Col. 



y 



■K. 



twCH *WCS 




i^t 



«4 i» 



«3*^ 



A 






A 



^-Jat-K 



kAH 



Col. 



*wcs k 



twCM 



>WCK 



High-Z 



OE : Don't care 
K????j : Don't care 



V 
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HM514400A Series 



• Fast Page Mode Delayed Write Cycle 



RAS 



CAS 



Address \ 



WE 



Irasc 



Din 



Dout 



OE 



*ODD ► 



„_«!t- K 







High-Z 



^m 



: Don'l care 
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HM514400A Series 

• Fast Page Mode Read-Modify-Write Cycle 



n 



t*0tO 



^m 



^iflOO 




2L 



_«!£po 



\m :0«oic«. 
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HM514400A Series 



• TEST MODE CYCLE 



Set Cycle*** 

< 1 ►«- 



RAS 



CAS 



WE ; 



A 



Test Mode Cycle 



Reset Cycle Normal Mode 

-+< — ►• 




r\ 



v 



7 



" CBR o r RAS on> y refresh 
** vywvA • Donl care 
*** Aidress, Din, Of: Oon't care 



• Test Mode Set Cycle 

WE And CAS Before RAS Refresh 



RAS 



CAS 



WE 



Address 



Dout 



/ 



tRP 



4«££ K 



<-^BLy 



a tcs " ► 
t T -> 



*-*&-* 



a 5S*5 „ 



/ 



4-JSim-y 






tCPN 



*RP 



► 



*m 



i<J»y 




yMA '- °° n ' 1 <nf< * 
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HM514400A Series 



• Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 



RAS 



CAS 



WE 



Address 



Dout 



W 



iPt 



;^st; 



«3a* 



^ss^ 



tRC 



< !SfiL_+ 



1 



tCH. V 



l CPN 



irt 



*CRP 



3 ^ 



■£*► 







High-Z 



: Don't care 



RAS Only Refresh Cycle 



RAS 



CAS 



Vu«v 



<-^> 



tRC 



^AS 



JT 



t«p 



^ 



knp 



ym 



<^v 



HiglvZ 



* * Refresh Address AO - A9 (AXO ~ AX9) 
** e%%) : Don't care 
* * WE : Don't care 
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HM514400A Series 



CAS Before RAS Refresh Counter Check Cycle (Read) 



i, 



RAS 



CAS 



Address 



WE 



Din 



Dout 



\i 



OE 



«-^!-». 



A XCm * 



r 



I 



4-JSZ-y 



Use 



H^ 




High-Z 



<—lm „ 



l CAS 



< 2~ y 



Co'vjnir 



knp 




{ fKM\ 



ligh-Z 



tozo 



Up¥ 



„_!"»► 



-^i_ K 



-r 



Dout 



toEP 



„J°fI2,. 



*ODO 



wwmm. 



: Don't can? 
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HM514400A Series 

CAS Before RAS Refresh Counter Check Cycle (Write) 



RAS 



CAS 



Address 



Din 



OE 



\ 



«iS£+ 



/ 



*CMR 



4 tCPT » 



t 



«— t T 



Use 



\ 




*CAS 



„_J5£ ► 



/T 



V 



tCRP 



tCAH 



Column 



A 



tyvCH 



ton 



High-2 



* W0//\ '• Don't care 
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HM514100 Series 



4,194,304-Word x 1-Bit Dynamic Random Access Memory 

M DESCRIPTION 

The Hitachi HM514100 is a CMOS dynamic RAM organized 4,194,304 word x 
1 -bit. HM514100 has realized higher density, higher performance and various func- 
tions by employing 0.8 jam CMOS process technology and some new CMOS circuit 
design technologies. The HM514100 offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514100 to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 80 ns/100 ns/120 ns (max) 

• Low Power Dissipation 

Active Mode 495 mW/440 mW/385 mW (max) 

Standby Mode 11 mW (max) 

• Fast Page Mode Capability 

• 1,024 Refresh Cycles (16 ms) 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• Test Function 

■ ORDERING INFORMATION 



HM514400JP Series 




(CP-20DA) 



HM514400ZP Series 




(ZP-20) 



PIN OUT 



Part No. 


Access 


Package 


HM514100JP-8 

HM514100JP-10 

HM514100JP-12 


80 ns 
100 ns 
120 ns 


350 mil 20-pin 
Plastic SOJ 
(CP-20DA) 


HM514100ZP-8 

HM514100ZP-10 

HM514100ZP-12 


80 ns 
100 ns 
120 ns 


400 mil 20-pin 
Plastic ZIP 
(ZP-20) 


■ PIN DESCRIPTION 


Pin Name 


Function 


Ao-Aio 


Address 


Input 


A0-A9 


Refresh Address Input 


D in 


Data-in 


D out 


Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


v C c 


Power ( 


+ 5V) 


v S s 


Ground 



HM514100JP Series 


,- Hitachi Pin No. -, 
J JEDECPinNo. ] 

Dm CrJfi%^26Jl2a Vm 


WE C5 


2 25 


13 Oout 


RASQ 


3 24 


m cas 


NC Q 


4 23 


12 NC 


A10 Q 


5 22 


HI A9 


A0 a 


9 18 


33 A8 


A1 Q 


10 17 


31 A7 


A2 Q 


11 16 


3D A6 


A3 Q 


12 15 


H) A5 


Vcc 05 


13 14 


33 A4 




0061-1 


(Top View) 


HM514100ZP Series 






1 A9 


CAS 2 




i Oout 


Vss 4 










5 Din 


WE 6 




r 5as 


A10 8 


3 d ' 


i NC 


NC 10 




1 A0 


A1 12 


j?)-* 


3A2 


A3 14 


;*3 


5 Vcc 


A4 16 


ZS 3 


7A5 


A6 18 


J*3 


9A7 


A8 20 






0061-2 


(Bottom View) 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



289 



HM514100 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Disspation 


P T 


1.0 


W 


Operating Temperature 


Topr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = o to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vm 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


Vil 


-2.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vss- 

• DC Electrical Characteristics (T A 



to + 70°C, V C c = 5V +10%, V S s = 0V) 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Test Condition 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


!CC1 


- 


90 


- 


80 


- 


70 


mA 


RAS, CAS Cycling 
tRc = Min 


1,2 


Standby Current 


!CC2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH 

D out - High-Z 




- 


1 


- 


• 


- 


1 


mA 


CMOS Interface RAS, 
CAS > V C c ~ 0-2V 

D out - High-Z 




RAS Only Refresh Current 


!CC3 


— 


90 


— 


80 


— 


70 


mA 


tRc = Min 


2 


Standby Current 


!CC5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH 
CAS = V IL 

D out = Enable 


• 


CAS Before RAS Refresh 
Current 


!CC6 


- 


90 


- 


80 


- 


70 


mA 


t RC = Min 




Fast Page Mode Current 


!CC7 


— 


90 


— 


80 


— 


70 


mA 


tpc — Min 


1,3 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V in < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


JLtA 


0V < V out < 7V 
D out = Disable 




Output High Voltage 


Voh 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


High Io Ut = ~ 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


Low I ou t = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed once or less while RAS = Vtl- 

3. Address can be changed once or less CAS = Vjh- 

• Capacitance (T A = 25°c, v C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address, Data-in) 


C11 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


C12 


— 


7 


pF 


1 


Output Capacitance (Data-out) 


c 


— 


7 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 
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• AC Characteristics (T A = to + 70°C, V C c = 
Read, Write, Read-Modify-Write and Refresh 



5V ±10%, V S s = 0V)1. 12, 15 

Cycles (Common Parameters) 



Parameter 


Symbol 


HM5 14100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


150 


— 


180 


— 


210 


— 


ns 




RAS Precharge Time 


tRP 


60 


— 


70 


— 


80 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


tASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


tASC 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tCSH 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


5 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


ms 






Read Cycle 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


— 


120 


ns 


2, 3, 16 


Access Time from CAS 


tCAC 


— 


25 


— 


25 


— 


30 


ns 


3, 4, 14 


Access Time from Address 


tAA 


— 


40 


— 


45 


— 


55 


ns 


3, 5, 14, 16 


Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


*RAL 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tOFF 





20 





25 





30 


ns 


6 



Write Cycle 



Parameter 


Symbol 


HM5 14100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


t\VCH 


15 


— 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


t W p 


15 


— 


20 


— 


25 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


25 


— 


25 


— 


30 


— 


ns 




Write Command to CAS Lead Time 


tCWL 


25 


— 


25 


— 


30 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


20 


— 


25 


— 


ns 


11 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


180 


— 


210 


— 


245 


— 


ns 




RAS to WE Delay Time 


tRWD 


80 


— 


100 


— 


120 


— 


ns 


10 


CAS to WE Delay Time 


*CWD 


25 


— 


25 


— 


30 


— 


ns 


10 


Column Address to WE Delay Time 


tAWD 


40 


— 


45 


— 


55 


— 


ns 


10 
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Refresh Cycle 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM5 14100-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HM5 14100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


*CP 


10 


— 


10 


— 


15 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


ns 


13 


Access Time from CAS Precharge 


*ACP 


— 


50 


— 


50 


— 


60 


ns 


14,16 


RAS Hold Time from CAS Precharge 


tRHCP 


50 


— 


50 


— 


60 


— 


ns 





Fast Page Mode Read-Modify-Write Cycle 


















Parameter 


Symbol 


HM5 14100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Read-Modify-Write 
Cycle Time 


tpCM 


85 


- 


85 


- 


100 


- 


ns 





Test Mode Cycle 




















Parameter 


Symbol 


HM5 14100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Test Mode WE Setup Time 


tws 





— 





— 





— 


ns 




Test Mode WE Hold Time 


tWH 


20 


— 


20 


— 


20 


— 


ns 





Counter Test Cycle 




















Parameter 


Symbol 


HM5 14100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Precharge Time in Counter 
Test Cycle 


*CPT 


40 


- 


50 


- 


60 


- 


ns 





Notes: 1. AC measurements assume tj = 5 ns. 

2. Assumes that tRCD ^ Trcd (max) and tRAD (max). If tRCD * s greater than the maximum recommended value shown in 
this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads and 100 pF. 

4. Assumes that tRCD ^ tRCD (max) and tRAD ^ *RAD (max). 

5. Assumes that tRCD ^ tRCD (max) and tRAD - tRAD (max). 

6. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vil- 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. t\vcs» *RWD> tcwD anc * tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if t\ycs - *WCS (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD ^ *RWD (min), tcwD - *CWD (min) and tAWD ^ tA WD (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 
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12. An initi al pau se of 1 00 jus is required after power up followed by a minimum of eight initialization cycle s (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

13. tRAsc defines RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or *CAC or tACP- 

15. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits — RA10, CA10 and 
CAO. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the output data is low level. Data output pin is D out and data input pin is Di n . In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

16. In a test mode read cycle, the value of tRAC tAA> tCAC an d tACP * s delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

■ TIMING WAVEFORMS 

• Read Cycle 



RAS 



CAS 



Address 



\ 



2< 



*RC 



tRAS 



tRCD 



tCSH 



„ *RAH a 



\ 



Use 



^D 



:«^< 



*RSH 



tCAS 



1CAH 
tRAL 



/ 



h^csj 



WE 



Dout 



y//////////// / 



*^Lj8!lJ\ 



tCRP 



X. 



«RCH 



„ *CAC 



tAA 



tRAC 



tRRH 



* V/////////, 



Z 



tOFF 



< . """ > 



m& 
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HM514100 Series — 
• Early Write Cycle 



RAS 
CAS 

Address 

WE 

Din 
Dout 



K 



tASR 

2>C 



*RC 



tRAS 



tRCO 



<CSH 



tASC 



\ 



tRAH 



*wcs 



*RSH 



tCAS 



*4-lstJ\ 



/ 



*CRP „ 



V 



z 



'//////////////M 



y////////////M 



tos 



tCAH 



W//////////////ZZ5 



tDH 



//////////////// 



W///////////// 



2: 



' E?5?2 : Pont care 
' twcsjstwcs (min) 



• Delayed Write Cycle 



RAS 

CAS 

Address 
WE 

Din 



V 



tASR 



tRC 



tRAS 



tCSH 



tRCO 



tASC 



\ 



tRAH 



:>^H 



tRSH 



„ , tCAS 



" tCAH tcWL 



'//////////// / 



tRCS 



34-^jv 



tCRP „ 



X. 



W/////////////// ZI 



\ -r-y////////////// 



»DS 



tRWL 



tWP 



tDH 



///////////y/////,?^ ^ 



«^« 



294 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM514100 Series 



• Read-Modify-Write Cycle 



RAS 



CAS 



Address 



WE 



Din 



Dout 



\ 



S< 



tRWC 



tRCD 



tflAH 



\ 



tASC 



ksx 



///////////// / 






tCAH 



i^ ^WL 



£ 



tRP 



tCWL 



>' 



tCflP 



X 



X. 



■ W///////////////77? 



Uwo 



tCffl) 



tRWO 



Jos 



tWP 



\ ^///////////// a 



tOH 



^//////////////////^ ^ 



tRAC 



Dont care 




• RAS Only Refresh Cycle 



RAS 

CAS 

Address 
Dout 



K 



»CRP 



^ 



^>£Z 



tASR 



Jkl. 



tRAS 



y( 



v 



v////////////// , 



tRAH 



w/////////////////////////, 



*R^iMhAddrM«:A0-A9 
(AXO-AXgj 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



295 



HM514100 Series 

• Hidden Refresh Cycle 



RAS 



CAS 



tASR 



Address ^i' 



tRC 



tRAS 






tflCO 



tRAO 



tRAH H 



J0* 



tacs 



we TZZZf 



K 



. tRSH 



tRAS 



.„_ jmmmmm j l L mmmmm ^ tRAS , 



tCAS 



tcHR 



tASC 



^tcAH 



^_ 



V 



^/yy///yyy///y^////////}/A r^z 



tRAC, 



Dout 



"tCAC 



■ tRCH 



tRRH 



*^ 



Dot* 



«*-toFF 



CAS Before RAS Refresh Cycle 



RAS 



CAS 



Address 



Dout 



tcSR 



tRC 



^ tRAS 






N, /- 



tRP 



tRPC 



i 



tRC 



« tRAS »| 



:\ k 



^ — !SHS », 



-tcSR 



tRP 



J* 



tCRP 



'//////////////////////////////^^^^^ 



OPEN 



hOonla 
'* WE •' v im 
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• Fast Page Mode Read Cycle 



RAS 
CAS 



\ 



Address ^^ 



tRASC 



tcSH 



^ tRCO 



tRAD 



Jcas^ 



Jec. 



IS^"^'' 



WE 



Dout 



t flHCP ». 



yz^z\ 




i D ° uti j — ( 



«c % 

— »» V 



Use 



tcAs^.^gp 



>' 



^3X lA. 



tCAC . 



tACP 



-^■-U-tRCH 
tOFf 



• Fast Page Mode Early Write Cycle 



RAS 
CAS 



K 



tASR 



tRASC 



'A 



tcSH 



tRCD 



tASC 



iaa 



tpc 



tCAH tASC 



twcsl J 



Address 2<^>© > C33 < ®<S>®<^r>^^^^ 



tCAH" «CAH 



WE 



'/////////#> . 



ifia». 



twCH tyups 



tDH 



^ev 



tCRP 
tCAS 



twes 



twCH 



.^. 



Dout 



3& V^* 



twCH 






^D </////////, 



Don't car* 
tVYCSatwCS (mm) 
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HM514100 Series 

• Fast Page Delayed Write Cycle 



RAS 



CAS 



\ 



tASfl, 



tRASC 



tRCO 



tASC^ 
tRAH 



Address '///) ** . Ro » \ "^)^ ^^\^^//?) ^ ^' Kmi : 



{tcAH 



WE ///////// ^ 



\ / \ / 



tRP 
JRWL __ 



tASC. 



*CAH 



^ /////////////tf zwzff?*^ 



tcWL 



tDH , 



tCRPu 




V 







^ 



^ 



•^ 



• Fast Page Mode Read-Modify-Write Cycle 



RAS 



CAS 



\ 



Address Y/?/^**" 



tRASC 



tRCD 



tRAH 



: Ro » X^ *"™ 1 



tRWD 



. Mad 



WE # ///// //& 



tCAH 



tRWL 



tpCM 



*CAH lASC | 



tASC 



w^^Mw/^mzzz, 



"" //////////// , 



tcwo S. 



tos 



Dout 



tAA 



tcWL 



, twp. 



tQH 



y 




tCWL 



^CWD 



! AWD^ 



tRCS 



tAWD 
tcWD 



tWP 

KoK 



tDH 



tCRP 



tCAH 



^ICAC 



t A A 



toFF H 



tACP 



C 



tRCS 

tos- 



_». __i-JCAC _ - , tCAC 



X 



» 



tDH 






Dout 2 ^- 



toFF-^rui 



, *— ' tQFF 

tAA}-* •» -+*\ — U*- 

t ^PoutN J fc 

tACP 



■^: 
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• Test Mode Cycle 



RAS 



CAS 



WE 



^ 



set cycle Test mode cycle 



dm 




-7 



Reset Normal 

Cycle T3 mode 



^^ 



*1 CBR or RA S only refresh 
*2 X///A : Don't care 
•3 Address. Din Don't care 



• Test Mode Set Cycle 



RAS 
CAS 

WE 



1^ *RAS ^| 



H. 



Jcsn 



tRC 



tCHR 



tflP 



V 



~~7 %y) 



"-•H — H-tcnp 

W 



W////A . ////////////////////////// 



^ress /////////////////////////////////////////////. 



Dout 



Note °1 X///A : Don't c 



■ TEST MODE RESET CYCLE 
• CAS Before RAS Refresh Cycle 



RAS 
CAS 



X v "Kir- s T i r-^-\ 



t«PC 



tCSR. 



WE 7^ 



K^* 



tnc 



tRAS 



■ t CHR. 



~/zzi; 



t«PC 



^^ 



Jws„ 



^^* * 



tRAS 



tCHR 



I^CRP^ 

IK" - 



«**"»! 

^-^ 



V/////////A 



Address y//////////////////////////////////////^^^^ 

OPEN 

Dout 

Note'1 X///A : Don't care 
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HM514100 Series 

• RAS Only Refresh Cycle 



tRC 



RAS 



CAS 






'///////// , 



* 



k^p. 



Address V////////M \ 



V 



l RAH 



«* U l RPC 



W///////////////////////A 



Dout 



Note *1 Refresh Address A0-A9 (AXO-AX9) 
•2 X///A :Dontcare 



• CAS Before RAS Refresh Counter Check Cycle (READ) 



RAS 
CAS 

Ai 

WE 

Din 

Dout 



\ 



tcSR 



X 



tCPT 



v///////////V///S7Zrt 



~mm 



JwsJ 



~W7 



^ tRSH 






*CAH 



twH, , toes 



tRAC 



J.AHR 



W///////////A 



«*HHtRCH 



^ 



tOFF1 



,^ 
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CAS Before RAS Refresh Counter Check Cycle (WRITE) 



RAS 
CAS 

Ai 
WE 

Din 
Dout 



V 



tCSR 



/ 



tRP , 



tCHR tcPT 



, *RSH 



Fk 



Use. 



'////////, 



tCRP 



tCAS 



V 



y\. 



tcAH 




W//////MW 



-k//////////////////, 



■&& 




■ 4M DRAM LOW POWER VERSION 

The specification on the low power version is the same as the standard 4 Megabit DRAM with the exception of the 
following parameters. 



Item 


Conditions 


Spec. 


Type No. 


4Mxl 


HM514100LJP/LZP 


1Mx4 




Temperature 


— 


0-55°C 


ICC2 

(Standby CMOS Interface) 


RAS, CAS, WE > V cc - 0.2V 
Other Pin > V CC - 0.2V or < 0.2V 
(Address and Df n is Stable) 
D out : High-Z 


200 jaA Max 


Ice 10 

(Standby with CBR Refresh) 


t RC = 125 juts, tRAs ^ 1 jas 

Vili ^Vqc- 0.2V, Vil^ 0.2V 

WE and OE = V IH , Address and Di n is Stable 

D out : High-Z 


300 jaA Max 


Refresh 

tREF 




128 ms 



*only for 1M x 4. 
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4, 194,304- Word x 1-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514100 is a CMOS dynamic RAM organized 4,194,304 word x 
1-bit. HM514100 has realized higher density, higher performance and various func- 
tions by employing 0.8 jam CMOS process technology and some new CMOS circuit 
design technologies. The HM514100 offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514100 to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%, -5%) 

• High Speed 

Access Time 

• Low Power Dissipation 

Active Mode 

Standby Mode 

• Fast Page Mode Capability 

• 1 ,024 Refresh Cycles 

• 3 V ariatio ns of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

Hidden Refresh 

• Test Function 

■ ORDERING INFORMATION 



. 70 ns (max) 



.550 mW (max) 
..11 mW(max) 



.(16 ms) 



HM514400JP Series 




(CP-20DA) 



HM514400ZP Series 




(ZP-20) 



PIN OUT 



Part No. 


Access 


Package 


HM514100JP-7 


70 ns 


350 mil 20-pin 
Plastic SOJ 
(CP-20DA) 


HM514100ZP-7 


70 ns 


400 mil 20-pin 
Plastic ZIP 
(ZP-20) 


■ PIN DESCRIPTION 


Pin Name 


Function 


Ao-Aio 


Address Input 


A0-A9 


Refresh Address Input 


D in 


Data-in 


D out 


Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


v C c 


Power ( 


+ 5V) 


v ss 


Ground 



HM514100JP Series 


r- Hitachi Pin No. -, 
I JEDECPinNo. I 


WE [3 


2 2* 


» III Dout 


RASQ 


3 2* 


ID CAS 


NC Q 


4 23 


SI NC 


A10 CS 


5 22 


> SO A9 


A0 (3 


9 If 


1 33 A8 


A1 □ 


10 r 


r 32 A7 


A2 Q 


11 11 


> 33 A6 


A3 Q 


12 1! 


i ig A5 


Vcc 05 


13 U 


L 331 A4 


0062-1 


(Top View) 


HM514100ZP Series 


CAS 2 




1 A9 
3 Dout 


Vss 4 






WE 6 




5 Din 
7 RR5 


A10 8 






NC 10 




11 A0 


A1 12 




13A2 


A3 T4 




15 Vcc 


A4 16 




17A5 


A6 18 




19 A7 


A8 20 






0062-2 


(Bottom View) 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V§s 


v T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Disspation 


P T 


1.0 


W 


Operating Temperature 


Topr 


Oto +70 


°C 


Storage Temperature 


T stg 


-55 to +125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = o to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.75 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


Vil 


-2.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vss- 



DC Electrical Characteristics (T A 


= to +70°C, V C c = 5V ±10%, -5%, V S s = 0V) 




Parameter 


Symbol 


HM5 14100-7 


Unit 


Test Condition 


Note 


Min 


Max 


Operating Current 


!cci 


- 


100 


mA 


RAS, CAS Cycling 
tRc = Min 


1,2 


Standby Current 


!CC2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH 
D ou t = High-Z 




- 


1 


mA 


CMOS Interface RAS, 
CAS > V CC ~ 0.2V 
D out = High-Z 




RAS Only Refresh Current 


ICC3 


— 


100 


mA 


tRc = Min 


2 


Standby Current 


Jccs 


- 


5 


mA 


RAS = V IH 
CAS = V IL 

D out = Enable 


1 


CAS Before RAS Refresh Current 


!CC6 


— 


100 


mA 


t R c = Min 




Fast Page Mode Current 


!CC7 


— 


100 


mA 


tpc — Min 


1,3 


Input Leakage Current 


Ili 


-10 


10 


juA 


0V < V in < 7V 




Output Leakage Current 


Ilo 


-10 


10 


JLtA 


0V < V out < 7V 
D out = Disable 




Output High Voltage 


V H 


2.4 


v C c 


V 


High I out = — 5 mA 




Output Low Voltage 


Vol 





0.4 


V 


Low I out = 4.2 mA 






Notes: 1. Ice depends on output load condition when the device is selected, Ice max i s specified at the output open condition. 

2. Address can be changed once or less while RAS = Vjl- 

3. Address can be changed once or less CAS = Vm- 

• Capacitance (T A = 25°c, v C c = 5V ±10%, -5%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address, Data-in) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Cn 


— 


7 


P F 


1 


Output Capacitance (Data-out) 


Co 


— 


7 


pF 


1,2 



Notes: 1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable Dqut- 
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AC Characteristics (T A = o to + 70°c, v C c = 5V ±10%, -5%, v S s = ov) 1 - 12 - 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM514100-7 


Unit 


Note 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


140 


— 


ns 




RAS Precharge Time 


tRP 


60 


— 


ns 




RAS Pulse Width 


tRAS 


70 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


ns 




Row Address Setup Time 


*ASR 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


ns 




Column Address Setup Time 


tASC 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


40 


ns 


8 


RAS to Column Address Delay Time 


*RAD 


15 


30 


ns 


9 


RAS Hold Time 


tRSH 


20 


— 


ns 




CAS Hold Time 


tcSH 


70 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


5 


— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


ms 





Read Cycle 



Parameter 


Symbol 


HM514100-7 


Unit 


Note 


Min 


Max 


Access Time from RAS 


tRAC 


— 


70 


ns 


2, 3, 16 


Access Time from CAS 


tCAC 


— 


25 


ns 


3, 4, 14 


Access Time from Address 


Ua 


— 


40 


ns 


3, 5, 14, 16 


Read Command Setup Time 


tRCS 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 


ns 




Read Command Hold Time to RAS 


tRRH 





— 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


ns 




Output Buffer Turn-off Time 


tOFF 





20 


ns 


6 



Write Cycle 



Parameter 


Symbol 


HM5 14100-7 


Unit 


Note 


Min 


Max 


Write Command Setup Time 


twcs 





— 


ns 


10 


Write Command Hold Time 


twCH 


15 


— 


ns 




Write Command Pulse Width 


t\VP 


15 


^ — 


ns 




Write Command to RAS Lead Time 


tRWL 


25 


— 


ns 




Write Command to CAS Lead Time 


*CWL 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


ns 


11 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM5 14100-7 


Unit 


Note 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


170 


— 


ns 




RAS to WE Delay Time 


tRWD 


70 


— 


ns 


10 


CAS to WE Delay Time 


tcWD 


25 


— 


ns 


10 


Column Address to WE Delay Time 


tAWD 


40 


— 


ns 


10 
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Refresh Cycle 












Parameter 


Symbol 


HM5 14100-7 


Unit 


Note 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


15 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HM5 14100-7 


Unit 


Note 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


55 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


ns 


13 


Access Time from CAS Precharge 


*ACP 


— 


50 


ns 


14,16 


RAS Hold Time from CAS Precharge 


tRHCP 


50 


— 


ns 





Fast Page Mode Read-Modify-Write Cycle 










Parameter 


Symbol 


HM514100-7 


Unit 


Note 


Min 


Max 


Fast Page Mode Read-Modify-Write 
Cycle Time 


tpCM 


85 


- 


ns 






Test Mode Cycle 












Parameter 


Symbol 


HM514100-7 


Unit 


Note 


Min 


Max 


Test Mode WE Setup Time 


tws 





— 


ns 




Test Mode WE Hold Time 


tWH 


20 


— 


ns 





Counter Test Cycle 












Parameter 


Symbol 


HM5 14100-7 


Unit 


Note 


Min 


Max 


CAS Precharge Time in Counter 
Test Cycle 


tCPT 


40 


- 


ns 





Notes: 1. AC measurements assume tj = 5 ns. 

2. Assumes that tRCD ^ *RCD (max) and tRAD (max). If tRCD or *RAD is greater than the maximum recommended value 
shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads and 100 pF. 

4. Assumes that t RC D ^ t RCD (max) and tRAD ^ t RA D (max). 

5. Assumes that t RC D ^ t RC D (max) and tRAD ^ tRAD (max). 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vjl. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAO 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. fryycs> tRWD> tcWD an£ i *AWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if t\ycs - t\vcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD - tRWD (min), tcwD - *CWD (min) and tAWD ^ *AWD (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 
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12. An initial pause of 1 00 jas is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

13. tRAsc defines RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of t^A or tCAC or tACP- 

15. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits — RA10, CA10 and 
CAO. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the output data is low level. Data output pin is D out and data input pin is Di n . In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

16. In a test mode read cycle, the value of tRAO tAA» *CAC an( * tACP * s delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

■ TIMING WAVEFORMS 

• Read Cycle 



RAS 



CAS 



Address 



WE 



Dout 



X 



tASR 



^: 



tRC 



tRAS 



tRCD 



tCSH 



\ 



. *RAH. 



tASC 



<RAD 



:>m*: 



tRSH 



yLteJ\ 



.JCAS j 



,tCAH 
*RAL 



/ 



tCRP 



X. 



y//////////// / 



.tRCjJ 



I »RCH 



t AA 



*RAC 



tRRH 



W//////# 



tOFF 



^ ^ > 



r^ 
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• Early Write Cycle 



RAS 
CAS 

Address 

WE 

Din 
Dout 



\ 



tASR 



2< 



*RAS 



tRCO 



<CSH 



tASC 



\ 



tRAH 



twcs „ 



tRSH 



tCAS 



M. '«• ,\ 



/ 



*CRP 



V////////////A 



tCAH 



W////////////J777?? 



2* tpH 



//////////////// 



W////////////S 



'A 



Open" 



' Y/TZft : Pont care 
• twcs 2 twcs (min) 



• Delayed Write Cycle 



RAS 

CAS 

Address 
WE 

Din 



v 



tASR 



tRAS 



tCSH 



tRCD 



\ 



( RAH 



:>^H 



tRSH 



tCAS 



" tCAH tcWL 



tRCS 



'//////////// > 



]^+ **» -\ 



tCRP 



X 



w//////////////^ 



\ —V////////////// 



tDS 



tWP 



y///////////////77^ r^n^77?7 ///////// / 



{A 



•^•Domc 
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• Read-Modify-Write Cycle 



RAS 



CAS 



Address 



X 



tRWC 



tASfl 



tRCO 



tRAH 



\ 



tASC. 



K^c 



tRAD 



wi V////////////, 



^ 






, ""■ . \ 



, m tpRP 

L 



X. 



w///?//////////jr, 



UWD 



tcwo 



tRVWO 



V////////////////M T^ 



Dout 



twp 



\ ^/////////// &L 



PCAC 



tOH 



tRAC 



V///////////S 



< 



% W7ZA Dome 



• RAS Only Refresh Cycle 



RAS 

CAS 

Address 
Dout 



K 



^ 



*CRP 



Jas_ 



tRAS „ 



K 



tRP 



V 






*R^iMhAddiw«:A0-A9 
(AXO-AXg) 
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• Hidden Refresh Cycle 



RAS 



CAS 



tASR 



Address j^i£ 



tRC 



tRAS 



J0«C 



we TZffi 



\ 



tRP i 



Hjr— ~J « tRAS > |x-HI — v h 'h *— — < 



. tRSH 



tCHR 



tASC 



-tcAH 



V 



4*- tRCH 
• tRRH 



JAA 



JSAC^. 



Dout 



-•-tcAC 



Ooul 
— »- 



> 



«*- toFF 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 



tcSR 



tRC 



tRAS 



Js5£ 



N, £ 



\ ^7~^~\ KT^r-7v 



tRPC 



*1 



i 



tRC 



tRAS 



—Jet* — ^ 

U_tcSR U ^ - 



J* 



_ „ OPEN 

Dout 

"^ :V 1H 
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• Fast Page Mode Read Cycle 



RAS 
CAS 



V 



tASR 



Address ^ L *>» 



tRASC 



*CSH 



tRCD 



tRAH 



JkAS- 



JPC_ 



JSAV 



! RHCP 



;c£in 



we ///// /// 



Dout 



JCAS fCRP 




• Fast Page Mode Early Write Cycle 



RAS 
CAS 



K 



tASR 



tcSH 



tRCD 



Address ^ w ) (0> $™ 
JycslJ 



tASC 



tPC 



tcAS tCASj 

n4t"o fir 

tCAH tCAH 



tCAH tASC 



WE 



''////////#> . 



-mM 



DH 



tASC 



^t RS H^ ^t R p 



tCRP 



l<Z£± y 



«[ 



twCH tw ypl». 



- ^^^ 



Din ^^^CEU^CHDfeCED^^^ 

Open" ___________ 

Dout " ' 

__D«„C«. 

'• twcs a twCS (mm) 
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• Fast Page Mode Delayed Write Cycle 



RAS 



CAS 



\ 



tASIV, 



tRASC 



tRCO 



I tRAH 



Address '///) k f j***^ l ^^ t Coluwin 



tCAH 



WE ///////// ^ 



t C p 



v^riK 



tASC. 



tRP 



tPC 



Din 



Jte. 



H tAcr J 



l PS _ tod t 



V 



CRPu*_H 



tCAH 






-*•*— -*- ^r^ * ! tos » »> n 



•^ 



• Fast Page Mode Read-Modify-Write Cycle 



RAS 



CAS 



\ 



tASR I 



Address '///& 



tRASC 



tRCD 



tASC _, 
tRAH 



• R °» $ 4fa f*™\ 



tRWD 



, tRAQ 



wr y////// /^: 



tCAH 



tcp 



T\ 



tCAH tASC 



tpCM 



tASC, 



^^i3^ i SK^? 



tcWD S. 



Dout 



tAA 



tcWL 



twp,. 



tRAC 



y 



tcWL 



Ivy 

tASC I 



tcWD 



tAWD , 



tAWD 
tcWD 



twp 



tCRP 



tCAH 



tnu . lR 9 8 tr>u l «CS tQH 

A , ^ tcAC , ^ t C AC ^ fc .tCAC 



tAA 



tOFF H 



tAA 



V 



tcWL 



\3^ 



«* »m 



tACP »1 L_ 



tACP 




•^:. 
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TEST MODE CYCLE 



RAS 



CAS 



WE 



2^ 



*3 
set cycle 



^EL 



Test mode cycle 




y 



Reset 
Cycle T3 



^^ 



Normal 
mode 



*1 CBR or RA S only refresh 
•2EZZZ3 Don't care 
'3 Address, Din: Oont care 



• Test Mode Set Cycle 



RAS 



CAS 



y 



tRPC 



\ 



X 



Jew.. 



wi y////////h . 



tws. 



tRC 



tRAS 



=tf 



■J2S.J, 



to 



V 



t*M 



lyr^ 



. ////////////////////////// 



Address ///////////////////////////////////////////A 



Dout 



Note'1 K///A : Don't c 



■ TEST MODE RESET CYCLE 
• CAS Before RAS Refresh Cycle 



RAS t«pc 

- -Su 

CAS X 



\ 



WE 



^ 



^ 



tws 



tRC 



tRAS 

,« 222 ». 



H w . >; T 'IC^v*- 



. tcHR. 



V — T~ 



tRPC 



■ *CSR , 



* #/////// ?* 



tRC 



tRAS 



tQHR 






^ ^///////////Z, 



Address y//////////////////////////////////////////////A 

OPEN 

Dout 

Note'1 X///A : Don't care 
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HM514100JP/ZP-7 



RAS Only Refresh Cycle 



tRC 



RAS 



X 



.JpRP, 



™ //////////A 

Address '/////////£ 



tfUS 



*RAH 



yt — \ 

-4 — »-| l RPC 



W///////////////////////A 



Dout 



Note *1 Refresh Address A0-A9 (AXO-AX9) 
*2 X///A :Oontcare 



• CAS Before RAS Refresh Counter Check Cycle (READ) 



RAS 
CAS 

Ai 

WE 

Din 

Dout 



Y 



tcSR 



X 



tCHR „ , . tRSH 

, !CPT I* " 'tCAS 



h: 



tASC 



W/////////W/770X 



y/////// / 



tws l tyw tRCS 

v — ¥t 



tRP 



i\ Vi 



tCAH 



,'^V 



W///////////A 



W 






Tcac 
Iaa 



^ 



z 



M^ 
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HM514100JP/ZP-7 

• CAS Before RAS Refresh Counter Check Cycle (WRITE) 



RAS 
CAS 

Ai 
WE 

Din 
Dout 



V 



tCSR 



tCHfl tcPT 






'//////// / 



tRSH 



/ 



tCRP 



tcAS 



V 



y~^ 



tCAH 




tOSS 



ml 



w////////////, 



■*&/////////////////. 



tDHH 



m 



,^ 



■ 4M DRAM LOW POWER VERSION 

The specification on the low power version is the same as the standard 4 megabit DRAM with the exception of the 
following parameters. 



Item 


Conditions 


Spec. 


Type No. 


4Mxl 


HM514100LJP/LZP 


1Mx4 




Temperature 


— 


0-55°C 


ICC2 

(Standby CMOS Interface) 


RAS, CAS, WE > V cc - 0.2V 
Other Pin > V CC ~ 0.2V or < 0.2V 
(Address and Di n is Stable) 
D 0Ut :High-Z 


200 ju-A Max 


iccio 

(Standby with CBR Refresh) 


t RC = 125 lis, t RA s ^ 1 ^s 

V IL1 >V CC - 0.2V, V IL < 0.2V 

WE and OE = V IH , Address and D ln is Stable 

D out : High-Z 


300 jwA Max 


Refresh 
tREF 




128 ms 



*only for 1M x 4. 
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HM514100L Series Low Power Version 
4, 194,304- Word x 1-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514100 is a CMOS dynamic RAM organized 4,194,304 word x 
1-bit. HM514100 has realized high density, higher performance and various func- 
tions by employing 0.8 jmm CMOS process technology and some new CMOS circuit 
design technologies. The HM514100 offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514100 to be packaged in standard 
20-pin plastic SO J and 20-pin plastic ZIP. 



FEATURES 



:10%) 



Single 5V(d 
High Speed 

Access Time 

Low Power Dissipation 

Active Mode 

Standby Mode 

Fast Page Mode Capability 

1 ,024 Refresh Cycles 

3 V ariatio ns of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

Hidden Refresh 
Test Function 
Battery Back Up Operation 

I ORDERING INFORMATION 



.80 ns/100 ns/120 ns (max) 



.495 mW/440 mW/385 mW (max) 
11 mW (max) 



.(128 ms) 



Part No. 


Access Time 


Package 


HM514100LJP-8 

HM514100LJP-10 

HM514100LJP-12 


80 ns 
100 ns 
120 ns 


350 mil 20-pin 
Plastic SOJ 
(CP-20DA) 


HM514100LZP-8 

HM514100LZP-10 

HM514100LZP-12 


80 ns 
100 ns 
120 ns 


400 mil 20-pin 
Plastic ZIP 
(ZP-20) 


■ PIN DESCRIPTION 


Pin Name 


Function 


Ao-Aio 


Address Input 


A0-A9 


Refresh Address Input 


Din 


Data-in 


Dout 


Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


v C c 


Power ( + 5V) 


v S s 


Ground 



HM514100LJP Series 




(CP-20DA) 



HM514100LZP Series 




(ZP-20) 



■ PIN OUT 










HM514100LJP Series 


r- Hitachi Pin No.-. 
J JEDECPinNo. | 


Din 1[ 


T > S r 26 


]20 Vss 


WE 2[ 


2 25 


]19 Dout 


RAS 3[ 


3 24 


] 18 CAS 


NC 4[ 


4 23 


]17 NC 


A10 5[ 


5 22 


]16 A9 


Ao 6[ 


9 18 


]15 A8 


A1 7[ 


10 17 


]14 A7 


A 2 8[ 


11 16 


]13 A6 


A3 9[ 


12 15 


]12 A5 


Vcc10[ 


13 14 


]11 A4 






0063-1 


(Top View) 


HM514100LZP Series 






1 A9 


CAS 2 




3 Dout 


VSS 4 




5 Din 


WE 6 




7 RAS 


A10 8 




9 NC 


NC 10 




11 A 


A1 12 




13 A 2 


A3 14 




15Vcc 


A4 16 




17 A 5 


A6 18 




19 A 7 


A8 20 






0063-2 


(Bottom View) 
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HM514100L Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V§s 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to V$s 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


w 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


Topr 


to + 70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (Ta = o to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vm 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


ViL 


-2.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgs- 

• DC Electrical Characteristics (Ta 



to + 70°C, V C c = 5V ±10%, V S s = 0V) 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


Icci 


- 


90 


- 


80 


- 


70 


mA 


RAS, CAS Cycling 
t RC = Min 


1,2 




!CC2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface RAS, CAS = V IH , 
D out = High-Z 




Standby Current 


- 


200 


- 


200 


- 


200 


uA 


CMOS Interface RAS, CAS and 
WE> V CC - 0.2V or < 0.2V, 
Address and Di n : Stable, 
D out = High-Z 




RAS Only Refresh Current 


!CC3 


— 


90 


— 


80 


— 


70 


mA 


t RC = Min 


2 


Standby Current 


J CC5 


~ 


5 


- 


5 


- 


5 


mA 


RAS = V IH ,CAS = V IL 
D out = Enable 


• 


CAS Before RAS Refresh Current 


!CC6 


— 


90 


— 


80 


— 


70 


mA 


t RC = Min 




Fast Page Mode Current 


ICC7 


— 


90 


— 


80 


— 


70 


mA 


tpc = Min 


1,3 


Battery Back Up Operating 
Current (Standby with CBR 
Refresh) 


Iccio 


- 


300 


- 


300 


- 


300 


juA 


tRC = 125 F, t RAS < 1 lis 
V cc - 0.2V < V IH < 6.5V, 
0V < V IL < 0.2V 
WE = V IH , Address and 
D m : Stable, D out = High-Z 




Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


JLlA 


0V < V in < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V out < 7V, 
D out = Disable 




Output High Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


High I out = -5mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 





Notes: 1. Ice depends on output load condition whe n the device is selected, Ice max is specified at the output open condition. 

2. Address can be changed once or less while CAS = Vjl. 

3. Address can be changed once or less CAS = Vm- 

• Capacitance (T A = 25°C, v C c = 5V ± 10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address, Data-in) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Q2 


— 


7 


pF 


1 


Output Capacitance (Data-out) 


Co 


— 


7 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 
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• AC Characteristics (T A = o to +70°C, v C c = 5V ± 10%, v S s = 0V) 1 > 12 - 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



HM514100L Series 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


150 


— 


180 


— 


210 


— 


ns 




RAS Precharge Time 


tRP 


60 


— 


70 


— 


80 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


*CAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


tASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


Use 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tCSH 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


5 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


128 


— 


128 


— 


128 


ns 






Read Cycle 



Parameter 


Symbol 


HM5 14100-8 


HM514100-10 


HM514100-12 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 




Access Time from RAS 


tRAC 


— 


80 


— 


100 


— 


120 


ns 


2, 3, 16 


Access Time from CAS 


tCAC 


— 


25 


— 


25 


— 


30 


ns 


3,4,14 


Access Time from Address 


tAA 


— 


40 


— 


45 


— 


55 


ns 


3, 5, 14, 16 


Read Command to Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tOFF 





20 





25 





30 


ns 


6 



Write Cycle 



Parameter 


Symbol 


HM51410O-8 


HM5 14100-10 


HM514100-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twes 





— 





— 





— 


ns 


10 


Write Command Hold Time 


t\VCH 


15 


— 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


*WP 


15 


— 


20 


— 


25 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


25 


— 


25 


— 


30 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


25 


— 


25 


— 


30 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


20 


— 


25 


- 


ns 


11 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM5 14100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


180 


— 


210 


— 


245 


— 


ns 




RAS to WE Delay Time 


tRWD 


80 


— 


100 


— 


120 


— 


ns 


10 


CAS to WE Delay Time 


tCWD 


25 


— 


25 


— 


30 


— 


ns 


10 


Column Address to WE Delay Time 


tAWD 


40 


— 


45 


— 


55 


— 


ns 


10 
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HM514100L Series 
Refresh Cycle 



Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM5 14100-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tCSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HM5 14100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


10 


— 


15 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


ns 


13 


Access Time from CAS Precharge 


Ucp 


— 


50 


— 


50 


— 


60 


ns 


14,16 


RAS Hold Time from CAS Precharge 


tRHCP 


50 


— 


50 


— 


60 


— 


ns 





Fast Page Mode Read-Modify-Write Cycle 


















Parameter 


Symbol 


HM514100-8 


HM514100-10 


HM5 14100-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Read-Modify-Write 
Cycle Time 


tpCM 


85 


- 


85 


- 


100 


- 


ns 





Test Mode Cycle 




















Parameter 


Symbol 


HM5 14100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Test Mode WE Setup Time 


tws 





— 





— 





— 


ns 




Test Mode WE Hold Time 


t\VH 


20 


— 


20 


— 


20 


— 


ns 





Counter Test Cycle 




















Parameter 


Symbol 


HM5 14100-8 


HM514100-10 


HM514100-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Precharge Time in Counter 
Test Cycle 


*CPT 


40 


- 


50 


- 


60 


- 


ns 
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HM514100L Series 



Notes: 1. AC measurements assume tx = 5 ns. 

2. Assumes that tRCD ^ *rcd (max) and tRAD < tRAD (max). If tRCD or *RAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that t RC D ^ *RCD ( max )> *RAD ^ *RAD (max). 

5. Assumes that t RC D ^ t RC D (max), t RAD £ t RAD (max). 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vih an d Vjl- 

8. Operation with the tRCD (max) limit insures that tR A c (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAO 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. twcs» tRWD> tcwD anc * *AWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs - twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD ^ tRWD (min), tcwD ^ *CWD (min) and tAWD - ^AWD (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. An initial pause of 100 juts is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

13. tRASC defines RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or tCAC or tACP- 

15. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits — RAiq, CAiq and 
CAo. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the outpu t data is low level. Data out put p in is D out a nd data input pin is Dj n . In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

16. In a test mode read cycle, the value of tRAo *AA> tCAC an ^ tACP is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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HM514100L Series 



I TIMING WAVEFORMS 
Read Cycle (1) 



RAS 



CAS 



X 



tASR 



Address ^/^f 



tRC 



tRAS 



tRCD 



JCSH 



« tRA "»l 



\ 



tASC 



Jrad 



tRSH 



'A* tRp »X 



tCAS 



,tCAH 
tRAL 



/ 



l « tRCS » | 



w V///////////// 



Dout 



tCRP 



X 



?=r-wzMnz= wy/y/////yyy/y/w?. 



tCAC 



Jaa 



Jrac 



IRCH 

-*4- 



tRRH 



* #/////////, 



z 



tOFF 



Dout 



^: 



Don't care 



Early Write Cycle (2) 



RAS 



CAS 



X 



tASR 



tRC 



tRAS 



tRCD 



tCSH 



^ t C AS 



tASC 



X 



tRAH 



tRSH 



',<* [. ■» . ' \ 



/ 



tCRP 



X 



twcs 



WE ''//////////////XL 

tDS 



tCAH 



twCH 



tDH 



y///////////////. 



«. v//y//////;///x «. j e mr/yyyyy//. 

Open ** 



Dout 



* Y////X : Don 't care 
** twcs £ twcs (min) 
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HM514100L Series 



• Deiayed Write Cycle (3) 



RAS 



CAS 



\ 



tASR 



tRC 



tRAS 



tCSH 



tRCD 



tASC 



\ 



tRAH 



tRSH 



tCAS 



V tCAH . *CWL 



*»» ?^ r^=r^ i«?^n==n ^?g??^!^^^^ 



m V///////////A 



tRCS 



,' 



^ « tRp J \ 



-. ?5BP_^ 



X 



tDS 



tRWL 



twp 






* Y////\ ' Don't care 



Read-Modify-Write Cycle (4) 



RAS 



CAS 



x 



tASR 



tRWC 



tRCD 



tRAH 



\ 



tASC. 



Address ^ *,» Y Z?7X 7*=^^ 



tRAD 



tRCS 



WE 



//////////////, 




tCAH 



^ tRWL 



^ 



JRP_^\ 



tcWL 



r*" 



tCRP 



x 



tAWD 



tCWD 



tRWD 



« v//////////////^z>> r-^-yz 7/////////// / . 



Dout 



!5S± 



twp 



\. J//////////////. 



tDH 



tCAC 



*AA 



tRAC 



Dout 



* Y///y% : Dont care 
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HM514100L Series 

• RAS Only Refresh Cycle (5) 



RAS 



\ 



tCRP 



en ^^ 



Address 
Dout 



^k 



tASR 



tRC 



tRAS 



M 



tRP 



tRPC 



V 




'/////////////, 



tRAH 



Row 



w/////////////////////////, 



OPEN 



\////X : Don't care 



** REFRESH ADDRESS: A0-A9 

(AX0-AX9) 



• Hidden Refresh Cycle (6) 



RAS 



CAS 



tASR 



tRC 



tRAS 



(Read) 



tRCD 



tRAD 



tRAH" 



tRCS 



WE WZP 



K 



. r » tRAS , ff |« ! RAS ■ 

*/| S (Refresh) / M \ (Refresh) ./ r 



. tRSH 



tCAS 



tCHR 



tASC 



tRP 

«* — — *- 



/ 






IAA_^ 



tRAC 



Dout 



tcAC 



**r tRCH 



tRRH 



c 



Dout 



-tOFF 



> 



•1 V///X :Don1 



care 

0063-S 
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HM514100L Series 



CAS Before RAS Refresh Cycle (7) 



RAS 



CAS 



tcSR 



tRC 



^ tRAS 



-J2SW 



\ K » , \ K 



tRPC 



//////////A 



tRC 



« tRAS » 



< tcHR 



tcSR 



tRP 



tCRP 



y 



^^ ////////////////////////////////////////////A 



Dout 



OPEN 



Y////X 'Don't care 



WE : V| H 



• Fast Page Mode Read Cycle (8) 



RAS 



CAS 



Address 



\ 



tASR 



tRASC 



tcSH 



tRCD 



tRAD 



tRAH 



tASC^ 



tcAS^ 



^"tcAH 



tRCS 



wl '//////// 



tro 



tgw^ 



VJ^W 



teP. 



tASC 



^CiL 



tCAC 



tRAC 



Dout 



tCAH 






tRHCP 



tRSH 



3i 



T 



TrCS 
tRCH^ 



tCAC 

■* — ^j 



tAA, 



toFF 



tACP ^ 



ceeep — i 



« i w- » 



tRCS I I 



t A A 



tRP 



tCAS fc 



y 



CAH 



tCRP 



tCAC 



tOFF 

<+ *- 



Dout< 



tACP 



tRRH 
-«-tRCH 



VZ. 



tOFF 



JP} ^ DoutN )— 



Y///X • Donl care 
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HM514100L Series 

• Fast Page Mode Early Write Cycle 



RAS 



CAS 



K 



tASR 



tRASC 



tCSH 



^_tm — ^g, 



tRAH t A SC 



tpc 



tcp 



tCAH USC "*" 



^vves 



wi W/////A . 



Din 
Dout 



^Jos^ 



«— 2£EJ<^CH}®KH>®C5>^^^ 



tCAS 



NJTVrt VTT 

tCAH _ ICAH 



tWGH twCS 



,^L 



tOH 



A iBL 



tASC 



tRSH tRP 



:f _, \_ 



tCAS 

^ — > 



tCRP 



'VjCS ^l 



twpH 



7ZZZZ^ZID^Z^«&ZHJ(ZZZZZZ6 



tqs. 



tWGH 



tDH 



Open" 



Y////X : Donl care 
twes > twes (mln) 



• Fast Page Delayed Write Cycle (10) 



RAS 



CAS 



\ 



^ASR, 



tRASC 



tRCD 



tASC^ 
"tRAH 



Address ? Z2)\^J^^fZ^^ 



H >CAH I« 



WE W/^ /5 



tCP 



tASC, 



tRP 
tRWL 



tpc 



\ 



CAH tASC 

tcWL 
<- H I * 



tDS 



N^^' 



tDH 



Din 



» -»--r*- tcAH 



tRCS 



tCRP 



M- 



///////^////^ =T0^N^D^MSt^2 



tos- 



» 



yn?^ I , 



twp 



£^: Don't care 
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HM514100L Series 



• Fast Page Mode Read-Modify-Write Cycle (11) 



RAS 



CAS 



\ 



tASR, 



Address 



Din 



Dout 



mi 



tRASC 



tRCD 



tASC, 



tRAH 



Row 




tCAH 



tRWD 



tRAD 



*E ///////// C- 



tcp 



tASC, 



^=W77K1=mm?^ W7777, 



UWD^ 



tcWD 



tQS 



tCWL 



,^ t w p w , 

JCPf 



tDH 



tRP 

TV 

tRWL 



tPCM 



^ tCAH tASC I 



tCWL 



tcWD 
tAWD w 



tRCS 



tRAC 



< 



twp 

< ^ 



tAWD 
tcWD 



NH/ 



tDH 



tCRP 



tCAH 



s* 



» .^tcAC _^ |^JCAC l^^jtCAC 

tAA ** ». tAA ■< ► tAA ^ ► -** — +*- 



DouM 



tOFF- 



> — < 



tACP 



tRCS 

tos- 



tCWL 



A 



tOH 



\~^ 



Dout 2 



tOFF- 



tACP 



^53 



Y////\ : Donl care 
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HM514100L Series - 
• Test Mode Cycle 



RAS 



CAS 



WE 2\ 



*3 
set cycle 



J777/ 



Test mode cycle 



7 



Reset Normal 

Cycle *1*3 mode 



^mz 



v/\ 



*1 CBR or R AS only refresh 
*2 X///A : Dont care 
*3 Address, Din: Don't care 



• Test Mode Set Cycle (1) 



RAS 



CAS 



/ 



tRPC 



I „ tRAS ^| 

^ W 



tcSR^ 



\ 



WE '////////fit . 



*M» 



tRC 



J9*W 



tRP 



A* 



7 W 



RPC 



V 



-tcRP 



. ////////////////////////// 



^ V////////////////////////////////////////////. 



Dout 



OPEN 



NoteM X///A : Don't care 
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HM514100L Series 



• Test Mode Reset Cycle (2) 



RAS 
CAS 

WE 



1RPC * trap 



"\ 



tcSR. 




tws^ 



tRC 



tRAS 



. tCHR . 



:az^; 



l « tcsR » 






tRC 



^ tRAS 



tCHR 






y 



*isap* 



'///////////, 



OPEN 

Dout 

Note*1 X///A : Don't care 



• RAS Only Refresh Cycle 



tRC 



RAS 



"S 



CAS '/////////A 



JSU 



Ja*+ 



tRAS 



y — \ 

tRp 



l RPC 



RAH 



WA//////AA///A/. 



«*. ■V77m77hC-^#///////////////777Z7m 



Dout 



OPEN 



Note *1 Refresh Address A0-A9 (AXO-AX9) 
*2 X///A : Don't care 
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HM514100L Series 



CAS Before RAS Refresh Counter Check Cycle (READ) 



RAS 
CAS 

Ai 

WE 
Din 

Dout 



\ 



X 



tCSR 



« tcHR » i 



tASC_ . 



^^ 



, tws 



~WT 



tRP 



dj -s 



tRSH \| tCRP 

*CAS 



tCAH 



V////////////////s7 7? A C*™ W///////////A 



tWH. . *RCS 



Hl-Z 



tRAC 



Jahr 



\ 



XOH 



TCAC 
tAA*" 



Hi-Z 



Mrch 




^ 



tOFF 



< 



Dout 



^:Don1 



care 



• CAS Before RAS Refresh Counter Check Cycle (WRITE) 



RAS 



CAS 



v 



tCSR 



\ 



AI 



/ 



tRP ^ 



tCHR t C PT 



r~\ 



tASC. 



t W S I | tWH twos 



tDS 



tflSH 



tCRP 



tCAS 



V 



r\ 



tCAH 



toss 



Din 
Dout 



&: 



Ts=^ky//////m7, 



twCH 



tpH 

■** 



7W////////////////. 



tOHH 



Din 



>€► 



OPEN 



*1 Y////X : Don't 



care 
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HM514101 Series 



4,194,304-Word x 1-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514101 is a CMOS dynamic RAM organized 4,194,304 word x 
1-bit. HM514101 has realized higher density, higher performance and various func- 
tions by employing 0.8 jam CMOS process technology and some new CMOS circuit 
design technologies. The HM514101 offers Nibble Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514101 to be packaged in standard 
20-pin plastic SO J and 20-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 

• Low Power Dissipation 

Active Mode 

Standby Mode 

• Nibble Mode Capability 

• 1 ,024 Refresh Cycles 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• Test Function 

■ ORDERING INFORMATION 



.80 ns/100 ns/120 ns (max) 



.495 mW/440 mW/385 mW (max) 
11 mW (max) 



.(16 ms) 



Part No. 


Access Time 


Package 


HM5 14101 JP-8 

HM514101JP-10 

HM514101JP-12 


80 ns 
100 ns 
120 ns 


350 mil 20-pin 
Plastic SOJ 
(CP-20DA) 


HM514101ZP-8 

HM514101ZP-10 

HM514101ZP-12 


80 ns 
100 ns 
120 ns 


400 mil 20-pin 
Plastic ZIP 
(ZP-20) 



PIN DESCRIPTION 



Pin Name 


Function 


Ao-Aio 


Address Input 


A0-A9 


Refresh Address Input 


Din 


Data-in 


D out 


Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


v C c 


Power ( + 5V) 


v S s 


Ground 



HM5 14101 JP Series 




(CP-20DA) 



HM514101ZP Series 




(ZP-20) 



■ PIN OUT 










HM5 14101 JP Series 


r- Hitachi Pin No.-, 
J JEDECPinNo. | 


Din 1[' 1®"26 ]20 Vss 


WE 2[ 


2 25 


]19 Dout 


RAS 3[ 


3 24 


] 18 CAS 


NC 4[ 


4 23 


]17 NC 


A10 5[ 


5 22 


]16 A9 


Ao 6[ 


9 18 


]15 A8 


A1 7[ 


10 17 


]14 A7 


A 2 8[ 


11 16 


]13 A6 


A3 9[ 


12 15 


]12 A5 


Vcci°C, 


13 14 


]11 A4 






0066-1 


(Top View) 


HM514101ZP Series 






1 A9 


CAS 2 




3 Dout 


VSS 4 




5 Din 


WE 6 




7 RAS 


A10 8 




9 NC 


NC 10 




11 A 


A1 12 




13A 2 


A3 14 




15Vcc 


A4 16 




17 A 5 


A6 18 




19A 7 


A8 20 






0066-2 


(Bottom View) 
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HM514101 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vgs 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§s 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


T opr 


to + 70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = o to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


ViL 


-2.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgs- 

• DC Electrical Characteristics (T A 



to +70°C, V C c = 5V ±10%, V S s = 0V) 



Parameter 


Symbol 


HM514101-8 


HM514101-10 


HM514101-12 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


Icci 


- 


90 


- 


80 


- 


70 


mA 


RAS, CAS Cycling 
t RC = Min 


1,2 


Standby Current 


!CC2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH , 
D out = High-Z 




- 


' 


- 


• 


- 


1 


mA 


CMOS Interface RAS, 
CAS > V cc - 0.2V, 
D out = High-Z 




RAS Only Refresh Current 


!CC3 


— 


90 


— 


80 


— 


70 


mA 


tRC = Min 


2 


Standby Current 


!CC5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V m , 
CAS = V IL , 
D out = Enable 


1 


CAS Before RAS Refresh 
Current 


ICC6 


- 


90 


- 


80 


- 


70 


mA 


tRC = Min 




Nibble Mode Current 


!CC8 


— 


90 


— 


80 


— 


70 


mA 


t NC = Min 


1,3 


Input Leakage Current 


in 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V in < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


uA 


0V < V out < 7V, 
D out = Disable 




Output High Voltage 


VOH 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


HighI out = -5mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


Low I ou t = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice max i s specified at the output open condition. 

2. Address can be changed once or less while RAS = Vil- 

3. Address can be changed once or less while CAS = Vjh- 

• Capacitance (T A = 25°c, v C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address, Data-in) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


C12 


— 


7 


pF 


1 


Output Capacitance (Data-out) 


c 


— 


7 


pF 


1,2 



Notes: 



1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = V IH to disable D out . 
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HM514101 Series 



• AC Characteristics (T A = o to 
Read, Write, Read-Modify-Write 



4-70°C, V C c = 5V +10%, V S s = OV) 1 - 12 « 13 

and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM514101-8 


HM514101-10 


HM514101-12 






Note 


Min 


Max 


Min 


Max 


Min 


Max 




Random Read or Write Cycle Time 


tRC 


150 


— 


180 


— 


210 


— 


ns 




RAS Precharge Time 


tRP 


60 


— 


70 


— 


80 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


tASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS Hold Time 


tRSH 


25 


— 


25 


— 


30 


— 


ns 




RAS to Column Address Delay Time 


tRAD 


17 


40 


20 


55 


20 


65 


ns 


9 


CAS Hold Time 


*CSH 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


5 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


ms 




Read Cycle 


Parameter 


Symbol 


HM514101-8 


HM514101-10 


HM514101-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


— 


120 


ns 


2, 3, 14 


Access Time from CAS 


tCAC 


— 


25 


— 


25 


— 


30 


ns 


3,4 


Access Time from Address 


*AA 


— 


40 


— 


45 


— 


55 


ns 


3, 5, 14 


Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tOFF 





20 





25 





30 


ns 


6 


Write Cycle 


Parameter 


Symbol 


HM514101-8 


HM514101-10 


HM514101-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


t\VCH 


15 


— 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


20 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


25 


— 


25 


— 


30 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


25 


— 


25 


— 


30 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


20 


— 


25 


— 


ns 


11 


Read-Modify-Write Cycle 


Parameter 


Symbol 


HM514101-8 


HM514101-10 


HM514101-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


180 


— 


210 


— 


245 


— 


ns 




RAS to WE Delay Time 


tRWD 


80 


— 


100 


— 


120 


— 


ns 


10 


CAS to WE Delay Time 


tCWD 


25 


— 


25 


— 


30 


— 


ns 


10 


Column Address to WE Delay Time 


tAWD 


40 


— 


45 


— 


55 


— 


ns 


10 
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HM514101 Series 
Refresh Cycle 



Parameter 


Symbol 


HM514101-8 


HM514101-10 


HM514101-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


- 


10 


- 


ns 





Nibble Mode Cycle 




















Parameter 


Symbol 


HM514101-8 


HM514101-10 


HM514101-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Nibble Mode Access Time 


*NAC 


— 


25 


— 


25 


— 


30 


ns 




Nibble Mode Cycle Time 


*NC 


45 


— 


45 


— 


55 


— 


ns 




Nibble Mode CAS Precharge Time 


tNCP 


10 


— 


10 


— 


15 


— 


ns 




Nibble Mode CAS Pulse Width 


*NCA 


25 


— 


25 


— 


30 


— 


ns 




Nibble Mode RAS Hold Time 


tNRSH 


25 


— 


25 


— 


30 


— 


ns 





Nibble Mode Read-Modify-Write Cycle 


















Parameter 


Symbol 


HM514101-8 


HM514101-10 


HM514101-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Nibble Mode Read-Modify-Write 
Cycle Time 


tNRWC 


75 


- 


75 


- 


90 


- 


ns 




Nibble Mode Write Command 
to CAS Lead Time 


tNCWL 


25 


- 


25 


- 


30 


- 


ns 




Nibble Mode CAS to WE 
Delay Time 


tNCWD 


25 


- 


25 


- 


30 


- 


ns 





Test Mode Cycle 




















Parameter 


Symbol 


HM514101-8 


HM514101-10 


HM514101-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Test Mode WE Setup Time 


tws 





— 





— 





— 


ns 




Test Mode WE Hold Time 


tWH 


20 


— 


20 


— 


20 


— 


ns 





Counter Test Cycle 




















Parameter 


Symbol 


HM514101-8 


HM514101-10 


HM514101-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Precharge Time in 
Counter Test Cycle 


tcPT 


40 


- 


50 


- 


60 


- 


ns 





Notes: 1. AC measurements assume t j = 5 ns. 

2. Assumes that tRCD - *RCD (max) and tRAD ^ *RAD (max). If tRCD or *rad is greater than the maximum recommended 
value shown in this table, tRAc exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that tRCD ^ *RCD ( max ) anc * tRAD - *RAD (max). 

5. Assumes that tRCD ^ *RCD ( max ) an( ^ tRAD ~ t RAD (max). 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vm (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vjl. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRco is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAO 

9. Operation with the tRAD (max) limit insures that tRCD (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD i s greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 
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HM514101 Series 



10. twcs> tRWD» tcWD anc * *AWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs ^ twcs ( mul )> the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRwr> 2s tRWD (min), tcwD - klWD (min) and t^WD - *AWD ( mm )> the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. An initial pause of 100 jus is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

13. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits — RA10, CA10 and 
CAO. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the output data is low level. Data output pin is D out and data input pin is Dj n . In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

14. In a test mode read cycle, the value of tRAo tAA> tcAC anc * tNAC * s delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

■ TIMING WAVEFORMS 

• Read Cycle (1) 



RAS 



CAS 



x 



tASR 



Address ^//^<f 



tRC 



tRAS 



tRCD 



tcSH 



, tRAH. 



X 



tASC 



tRAP 



tRSH 



* ^AS ^ 



,tCAH 
tRAL 



/ 



we v///////////// 



Dout 



Js&~ 



Z A+ tnp >X 



tCRP ^ 



x 



JrcsIT IRQH 



tCAC 



tAA 



tRAC 



tRRH 



^/////////A 



z 



tOFF 



Dout 



^: 



Don't care 
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HM514101 Series 



• Early Write Cycle (2) 



RAS 



CAS 



\ 



tASR 



tRC 



tRAS 



tRCD 



^ IRSH 



tCSH 



tRAH 



tASQ 

— p. 



\ 



tCAS 



~,S\. 'w ,'\ 



s 



tcRP 



X 



twcs 



WE W////////////K . 



Din 
Dout 



ids 



tCAH 



twCH 



tDH 



. ////////////////, 



'/////////////s» C - W 07 //////////. 



Open' 



Y////)i : Don't care 
twcs ^ twcs (min) 



• Delayed Write Cycle (3) 



RAS 



CAS 



X 



tASR 



tRC 



tRAS 



tCSH 



tRCD 



tASC 



\ 



tRAH 



tRSH 



tCAS 



tCAH tcWL 

■^ ■*- 



a^ 7 K~l^« ?77>X^rf^ ///////////////, 



m W/////////M 



tRCS_ 



/ 



~,J \« "»• „\ 



tCRP 



X 



tDS 



tRWL 



twp 



U>H 
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HM514101 Series 



• Read-Modify-Write Cycle (4) 



RAS 



CAS 



\ 



tASR 



tRWC 



tRCP 



tRAH 



\ 



tASC^ 



*— 7h C^-W Ztf^= W////////////^^^^ 



tRAD 



WE 



'/////////////, 



tRCS 



JCAH 



, tRWL 



^ 



tRP 



tcWL 



tCRP ^ 



x. 



x 



tAWP 



tCWD 



tRWD 



Dout 



JDS^ 



tWP 



\. J/////////////S, 



tDH 



tCAC 



X OFF . 



tRAC 



Dout 



> 



# y/sy/k : Dont care 



RAS Only Refresh Cycle (5) 



RAS 



\ 



tCRP 



tASR 



Address 
Dout 



tRC 



tRAS 



K 



tRP 






V 



'//////////////, 



Z 



tRAH 

^ », 



Row 



W////////////V///////////, 



OPEN 



^ -,, 



* REFRESH ADDRESS: A0-A9 

(AX0-AX9) 
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HM514101 Series 

• Hidden Refresh Cycle (6) 



RAS 



CAS 



tASR 



Address 



WE 



Dout 



2* 



tRC 



.« tRCD » 



tRAO V 



tRAH" 



Row 



m 



tRCS 



Tzm* 



tRP. 



(Read) /{ ^(Refresh) / 

_*4_-_tRSH 



\ (Refresh) ,/ 



tCAS 



tCHR 



«- tASC 



tRP i 



>- 



"*- -«-tcAH 



tAA 



tRAC. 



tCAC 



< 



4- 



tRCH 



tRRH 



*m 



Valid Data 



■*■ 



■tOFF 



> 



•1 K///A : Donl 



care 



• CA§ Before RAS Refresh Cycle (7) 



RAS 



CAS 



tcSR 



tRC 



« tBAS » 



\ K~s~> K 



tRPC 



/////////A . 



tRC 



« tRAS » 



tCHR 



^-tcSR 



tRP 



tCRP 



y 



**** /////////////////////////////////////////////, 



Dout 



OPEN 



WE : V, H 
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HM514101 Series 



Nibble Mode Read Cycle (8) 



RAS 



CAS 



K 



tASR 



tRAS 



tcSH 



tRCD 



tRAH 



tRCS 



WE 



Dout 



tRAC 



tCAS 



c tRAD ^ ) /[ fK. 

tASC 



tCAH 

^ — ** 



tpc 



JCAS^ 



^tNRSH^, 



y^s+K- 



*CRP> 



tRRH 



«* *• 



tRCH 



I I tRCS tRCS I 



tRCH, 



tCAC 



tAA 



^ 



J tRCS 
t RQH J 



tNAC 



tOFF 



*z* 



tOFF 



tNAC 



j L Pout ^ j L Dout ^ ( ' Dout > 



*^ 



tOFF 



•^= 



Don't care 



Nibble Mode Early Write Cycle (9) 



RAS 



CAS 



K 



Address 



tASR 



tRASC 



tCSH 



tRCD 



tRAH tASC 

« H h* — »■ 



tNC 



>Scsu^ 



tCAH 



WE '//////////h . 



tNCA 



^tNRSH^ LtRp 



;r~\_ 



tCRP 



twcs I twcs 1 



Din 
Dout 



^Jps^ 



twCH twcS 



,^L 



tDH 



tos 



twCH 



.^. 



tDH 



tos 

h* — ^ 



tWCH 



. ^?^ 



tDH 



Open" 

* Y///A : Dont care 
** twcs a twcs (min) 
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HM514101 Series 

• Nibble Mode Delayed Write Cycle (10) 



RAS 



CAS 



\ 



tASR 



tRAS 



tRCO 



tRAH 



tASC 



tCAH 



WE 



tRCS 



tNC 



- H^tcAS^, , .^ tNCA ^ 



< tRsH > 



tNCWL, 



tRWL 



^*>xztts ^/////////////////////////////. 



^S, 



tcWL 



tRCS 



^ tyyp^i ^ twp fc 



tDS, 




Dm 7^zz#wffi?&m/&ym(£m. 



Y////k : Don't care 
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HM514101 Series 



• Nibble Mode Read-Modify-Write Cycle (11) 



RAS 



CAS 



\ 



tASR 



Address 



WE 



Din 



H 



RAS 



tRCD 



tRAO 



tRAH 



Row 



7, 



tt ^///////////////////>/////777. 



mm 



tAWD 



tCAH 



tNRWC 



Sk 




« tRSH » 



tNCWL^ 



tRWL 



tDH 



tRWD I 



tRAC 



°5»fU- 



^^®<ID^*0^2<^>^<E>^ 



« 'w , | 



tAA 




tDH 



« tNAC » 



{Jdou^ j [Dout^ ^Douy ^Dout^ - 



Y///A : Don't care 
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HM514101 Series - 
• Test Mode Cycle 



RAS 



CAS 



WE 



^ 



*3 
set cycle 



£22. 



Test mode cycle 



7 



Reset 
Cycle *1*3 



^m 



Normal 
mode 



\/\ 



*1 CBR or R AS only refresh 
# 2 X///A : Don't care 
*3 Address, Din: Don't care 



Test Mode Set Cycle (1) 



RAS 



CAS 



s. 



tRPC 



'vZT/ 



\ 



^CSR. 



m W////A . 



J™+ 



tRC 



tRAS 



. l CHR fc 



tRP 



uM* 



~ ' w 



RPC 



\ 



-tcRP 



////////////////////////// 



^ v///s/;///////////;//////////////////////////. 



Dout 



OPEN 



Note*1 X///A : Don't care 
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HM514101 Series 



• Test Mode Reset Cycle (2) 
CAS Before RAS Refresh Cycle 



„ y. 



RAS 
CAS 



tRPC 



U tRAS »i i i« tRAS »i t 



<CSR. 






tRC 



^CHR, 



■ / \ . 



tRPC 






tRC 



JCHR 



| « tcHP » 



JWH^ 



^ 




3=33% 



OPEN 



Dout 



Note*1 X///A :Don1care 



RAS Only Refresh Cycle 



tRC 



RAS 



CAS 



Address 



Dout 



\ — V 



'/////////A 



+™+ 



.JASR^ 



tRAS 



tRP ^ 



V 



l RPC 



*RAH 



y ///////////////, 



'/////////tf-zr-y///////////////;//Z77m 



OPEN 



Note *1 Refresh Address A0-A9 (AXO-AX9) 
*2 X///A : Donl care 
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HM514101 Series 

• CAS Before RAS Refresh Counter Check Cycle (READ) 



RAS 



CAS 



Ai 



\ 



tCSR 



X 



tCHR . * CPT 

J<r-X 



, tws twH t , *RCS 



wi '///////// ^Wt 



WE 
Din 

Dout 



tRP 



*r^ 



tRSH . I tCRP 

tCAS 



tCAH 



Hl-Z 



tRAC 



JaHR 



:y 



■z=r-ymmvm. 



l COH 



•«^tRCH 



tAA' 



Hi-Z 



tCAC 



^ 



tOFF' 



Dout 



*1 



^ 



Dont care 



• CAS Before RAS Refresh Counter Check Cycle (WRITE) 



tRP 



RAS 



CAS 



V 



tCSR 



\ 



Ai 



tCHR tcPT 



M tRSH 



ink 



tws I | twH . »WCS 



wl '///////# 



its ■? 



2k 



tCRP 



tCAS 



V 



r\ 



tCAH 



DS 



Din 
Dout 



>©>< 



■=r- ^/////////m 



twCH 



^ tpH 

■^ i 



iv/////////////////. 



tDHH 



Din 



:*©► 



OPEN 



^ 



: Donl care 
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HM514101A Series 

4, 194,304- Word x 1-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514101A is a CMOS dynamic RAM organized as 4,194,304-word 
x 1-bit. HM514101A has realized higher density, higher performance and various 
functions by employing 0.8 jutm CMOS process technology and some new CMOS 
circuit design technologies. The HM514101A offers Nibble Mode as a high speed 
access mode. 

Multiplexed address input permits the HM514101A to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 70 ns/80 ns/1 00 ns (max) 

• Low Power Dissipation 

Active Mode 550 mW/495 mW/440 mW (max) 

Standby Mode 11 mW (max) 

• Nibble Mode Capability 

• 1 ,024 Refresh Cycles (16 ms) 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• Test Function 



Preliminary 



HM514101AJ Series 




(CP-20DA) 



HM5 14101 AS Series 




(CP-20D) 



ORDERING INFORMATION 



PIN DESCRIPTION 



HM514101AZ Series 




Part No. 


Access Time 


Package 


HM514101AJ-7 
HM514101AJ-8 
HM514101AJ-10 


70 ns 
80 ns 
100 ns 


350 mil 20-pin 
Plastic SOJ 
(CP-20DA) 


HM514101AS-7 
HM514101AS-8 
HM514101AS-10 


70 ns 
80 ns 
100 ns 


300 mil 20-pin 
Plastic SPJ 
(CP-20D) 


HM514101AZ-7 
HM514101AZ-8 
HM514101AZ-10 


70 ns 
80 ns 
100 ns 


400 mil 20-pin 
Plastic ZIP 
(ZP-20) 



Pin Name 


Function 


Ao-Aio 


Address Input 


Ao-A 9 


Refresh Address Input 


Dm 


Data-in 


D out 


Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


v C c 


Power ( + 5V) 


v S s 


Ground 



■ PIN OUT 




HM5 14101 AJ/AS Series 


DlnCE 


1 ^-^ 26 


UVss 


we[T 


2 25 


UKut 


RAS[T 


3 24 


TjOcas 


nc[T 


4 23 


17] NC 


AlOfT 


5 22 


H]A9 


ao|T 


9 18 


Tj>]A8 


Al[T 


10 17 


T3A7 


A2[T 


11 16 


TT]A6 


A3[T 


12 15 


T|lA5 


VccH 


13 14 


13 A4 






0148-1 


(Top View) 



(ZP-20) 



HM5 14101 AZ Series 






1 A9 


CAS 2 






V ss 4 




3 D out 
5 °in 


WE 6 




7 RAS 


A10 8 




9 NC 


NC 10 




11 A0 


A1 12 




13 A2 


A3 14 




15 V cc 


A4 16 




17 A5 


A6 18 




19 A7 


A8 20 






0148-2 


(Bottom View) 
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HM514101A Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V§s 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vgs 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


w 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


T opr 


to + 70 


°c 


Storage Temperature 


T st ? 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions 0a = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


ViL 


-2.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgg- 

• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 



Parameter 


Symbol 


HM5 14101 A-7 


HM5 14101 A-8 


HM514101A-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


icci 


- 


100 


- 


90 


- 


80 


mA 


RAS, CAS Cycling 
t R c = Min 


1,2 


Standby Current 


!CC2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH , 
D out = High-Z 




- 


1 


- 


1 


- 


1 


mA 


CMOS Interface, RAS, 
CAS > V C c ~ 0.2V, 
Dout = High-Z 




RAS Only Refresh Current 


ices 


— 


100 


— 


90 


— 


80 


mA 


t R c = Min 


2 


Standby Current 


Jccs 


- 


5 


- 


5 


- 


5 


mA 


RAS = Vih, 
CAS = Vil, 

D out = Enable 


1 


CAS Before RAS Refresh 
Current 


!CC6 


- 


100 


- 


90 


- 


80 


mA 


t RC = Min 




Nibble Mode Current 


!CC8 


— 


100 


— 


90 


— 


80 


mA 


tNc = Min 


1,3 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


uA 


0V < V in < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


uA 


0V < V out < 7V 
D out = Disable 




Output High Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


HighI out = -5mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 





Notes: 1. Ice depends on output load condition w hen th e device is selected. Ice max is specified at the output open condition. 

2. Address can be changed < 1 time while RAS = Vjl- 

3. Address can be changed < 1 time while CAS = Vjh- 



344 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM514101A Series 



• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address, Data-in) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


C12 


— 


7 


pF 


1 


Output Capacitance (Data-out) 


Co 


— 


7 


pF 


1,2 



Notes: 



1 . Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = V IH to disable D out . 



• AC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 1 > 12 > 13 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM5 14101 A-7 


HM514101A-8 


HM514101A-1O 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


130 


— 


150 


— 


180 


— 


ns 




RAS Precharge Time 


tRP 


50 


— 


60 


— 


70 


— 


ns 




RAS Pulse Width 


tRAS 


70 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


*CAS 


20 


10000 


20 


10000 


25 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


15 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


50 


20 


60 


25 


75 


ns 


8 


RAS Hold Time 


tRSH 


20 


— 


20 


— 


25 


— 


ns 




RAS to Column Address Delay Time 


tRAD 


15 


35 


15 


40 


20 


55 


ns 


9 


CAS Hold Time 


tCSH 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


*REF 


— 


16 


— 


16 


— 


16 


ms 





Read Cycle 




Parameter 


Symbol 


HM514101A-7 


HM514101A-8 


HM514101A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


70 


— 


80 


— 


100 


ns 


2, 3, 14 


Access Time from CAS 


*CAC 


— 


20 


— 


20 


— 


25 


ns 


3,4 


Access Time from Address 


*AA 


— 


35 


— 


40 


— 


45 


ns 


3, 5, 14 


Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 





— 





— 





— 


ns 




Column Address to RAS Lead Time 


tRAL 


35 


— 


40 


— 


45 


— 


ns 




Output Buffer Turn-off Time 


k)FF 





20 





20 





25 


ns 


6 
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HM514101A Series 
Write Cycle 



Parameter 






HM5 14101 A-7 


HM514101A-8 


HM514101A-10 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


15 


— 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


twp 


10 


— 


10 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


20 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


15 


— 


20 


— 


ns 


11 


Read-Modify-Write Cycle 


Parameter 


Symbol 


HM514101A-7 


HM5 14101 A-8 


HM514101A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


*RWC 


155 


— 


175 


— 


210 


— 


ns 




RAS to WE Delay Time 


tRWD 


70 


— 


80 


— 


100 


— 


ns 


10 


CAS to WE Delay Time 


tcWD 


20 


— 


20 


— 


25 


— 


ns 


10 


Column Address to WE Delay Time 


*AWD 


35 


— 


40 


— 


45 


— 


ns 


10 


Refresh Cycle 


Parameter 


Symbol 


HM514101A-7 


HM5 14101 A-8 


HM514101A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 




CAS Precharge Time in Normal Mode 


tCPN 


10 


— 


10 


— 


10 


— 


ns 




Nibble Mode Cycle 


Parameter 


Symbol - 


HM5 14101 A-7 


HM514101A-8 


HM514101A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Nibble Mode Access Time 


*NAC 


— 


20 


— 


25 


— 


25 


ns 




Nibble Mode Cycle Time 


*NC 


40 


— 


45 


— 


45 


— 


ns 




Nibble Mode CAS Precharge Time 


*NCP 


10 


— 


10 


— 


10 


— 


ns 




Nibble Mode CAS Pulse Width 


*NCA 


20 


— 


25 


— 


25 


— 


ns 




Nibble Mode RAS Hold Time 


tNRSH 


20 


— 


25 


— 


25 


— 


ns 




Nibble Mode Read-Modify-Write Cycle 


Parameter 


Symbol - 


HM5 14101 A-7 


HM514101A-8 


HM514101A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Nibble Mode Read-Modify-Write 
Cycle Time 


*NRWC 


55 


- 


75 


- 


75 


- 


ns 




Nibble Mode Write Command to 
CAS Lead Time 


*NCWL 


20 


- 


25 


- 


25 


- 


ns 




Nibble Mode CAS to WE 
Delay Time 


tNCWD 


20 


- 


25 


- 


25 


- 


ns 
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HM514101A Series 



Test Mode Cycle 




















Parameter 


Symbol 


HM514101A-7 


HM514101A-8 


HM514101A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Test Mode WE Setup Time 


tws 





— 





— 





— 


ns 




Test Mode WE Hold Time 


tws 


10 


— 


10 


— 


10 


— 


ns 





Counter Test Cycle 




















Parameter 


Symbol 


HM514101A-7 


HM514101A-8 


HM514101A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Precharge Time in 
Counter Test Cycle 


*CPT 


40 


- 


40 


- 


50 


- 


ns 





Notes: 1. AC measurements assume tj = 5 ns. 

2. Assumes that tRco ^ tRCD (max) and tRAD ^ tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that tRCD ^ tRCD ( max ) anc * tRAD ^ tRAD (max). 

5. Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max). 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

1- VlH (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vjl. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met. tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. t\ycs> tRWD» tcwD an d tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if t\ycs - twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD - tRWD (min), tcwD ^ tcwD (min) and tAWD ^ tAWD (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. An initi al pau se of 100 jas is required after power-up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

13. Test mode operation specified in this data sheet is 8-bit test function with control address bits — RA10, CA10 and CA0 being 
don't care. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during 
test mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
match each other, the condition of the output data is high level. When the state of test bits do not match, the condition of 
the output data is low level. Data output pin is D out and data input pin is D in . In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

14. In a test mode read cycle, the value of tRAO tAA» tcAC an d tNAC is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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HM514101A Series 



■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



\ 



tT— ► 



CAS 



'ASR 



Address 






WE 



Dout 



tRC 



"SL 



*RAS 



*RCD 



k5H 



< tRAD > 



^. 



Row 



*RAH 




X 




\ 



tASC 



*RSH 



tCAS 



J- 



*RAL 



tCAH 



tCRP 



Column 



A *CAC 
*AA 



tRAC 



«^--> 



V 




tOFF 
« ► 



^ Dout 



>;<%; 



Don'L core 
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HM514101A Series 



• Early Write Cycle 



RAS 



tT-+- 



CAS 







WE 



Din 



Dout 



Usr 



tRC 



"t 



tRAS 



*CSH 



tRCD 



*RAH 

«4— 



Row 




Use 



tRSH 



*CAS 



"V. 



tl-l 



CRP 



/ 



<iE_>. 



V 



< tcAH > 



Column 




twes 
-4 ► 




< ^ > 




twCH 




N tDH » 



Din 




Hicjh-Z** 



WfA '• D ° n 't care 



t WC s- r -t wcs (min) 
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HM514101A Series 



1 Delayed Write Cycle 



RAS 



"\ 



CAS 



Address 



m 



*ASR 

<« ► 



tRC 



tRAS 



kSH 



tRCD 



"\ 



tRAH 



Row 



WE 



Din 



Dout 




tASC 
A ► 



*RSII 



*CAS 



~^_ 



trwt. 



/ 



tCAH 



Column 




« *■" > 



\ 




*RP 



Vrp 



V 




tRWL 



twp 



■^L. 




^-S!t> 



-tos 



Din 




torp 



Invalid Dout 



* \'(ffi\ : Don't caro 
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HM514101A Series 



• Read-Modify-Write Cycle 



RAS 






tT— ► 



CAS 



Address 




USR 
« — ► 



tRWC 



"K- 



1 



*RCD 



\ 



tRAD 

< ► 



U$C 



*RAH 



Row 



V-t 



WE 




*RCS 



tRWD 



Din 




Dout 



t("AH 



l RWL 



T CWL 



J- 



.c 



Column 



4 *CWP » 



*awd 



tos 



,<iii^ 



l CRP 




twp 

-« ► 




« ► 



Din 




*CAC 



< UA ► 



*RAC 



tOFF 



s 



"nL 



Dout 



J" 



* >^^ : Don't care 
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HM514101A Series 



• RAS Only Refresh Cycle 



RAS 



CAS 



\. 



Addruss 



Dot.it 






m. 




tCRP 




tRC 



tRAS 



tRP 



tRPC 



*— t T 

tRAH 



tCRi 



V 




<~ tASR 



Row 




High-Z 



** Refresh address : AO - A9 (AXO - AX9) 
*** WE: Don't care 



• CAS Before RAS Refresh Cycle 



RAS 



-C 



tRPC— ► 



tRP 



CAS 



Address 



/ 



tCPN 



kSR 



tRC 



^ tRAS > 



"\ 



X 



-T 



l CHR 



<-+ 



kpN 



tRP 



tRPC tcSR 



./ 



.r 



tRC 



"\ 



*RAS 



/ 



tf<P 
^ LI! ► 



tCHR 



-►■ 



:l 



/• 



"< — kRP 




DOUt WMWy 



tQFF 



High-Z 



k%^| '• Don't caie 
WE :V, H 
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HM514101A Series 



» Hidden Refresh Cycle 



RAS 



\ 



CAS 



Address \ 



tRC 



< tRAS ► 



(Read) 



/> 



J" 



WE 




Dout 




*RAC 



^RP 

< ► 



-£ *. 



*KC 



N 



< tRAS ► 



(Refresh) 



TL. 



tRP 



? \ 



tRC 



tRAS 



(Refresh) 



+13L+ 



/ 



khR 




tCRP 



tAA 
< ► 



<- t C AC 



Valid Data 



tRRH 




mm% 



WM 



tOFF 



^_ 



T 



* liMI • D <^ «ro 
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HM514101A Series 



> Nibble Mode Read Cycle 




Dout ^ 



' V-'-'-A Oon ' care 



1 Nibble Mode Early Write Cycle 



\. I 



_i*L. 



'V 1 



r\ 






\ 




High Z" 



* r ^'f] ■ Don't tare 
" t y vc$"-t.vcs( m,n ) 
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HM514101A Series 



• Nibble Mode Delayed Write Cycle 



~VL 



RAS 



CAS t T-> 

U'JR 

titAH 



Address J 



"<L. 






tRAS 



*CSH 



< tRCD > 



^ 



Row 



*ASC 



< tCA ? ► 



./ 



*CAH 



Column 



*RCS 



WE 



Din 




Dout 



tDS 



.r 



*NC 



*NCP 



"I ./ 



*NCA 



"^ 



r~v 



« ^ — ► 



*NCP 



V 



< tNCA > 



tNCP 



.r 



\ 



^ p. 



+-^-» 






A-> 



tfRP 



tRWL 



tCWL 



"\ 




twp 



"L. 



ton 



Din 



~K_ 



tRCS 



:/ 



.L i. 



\ 



tos- 



W0%. 



*wp 






.r 



Din 



*RCS 



*ncwl 



7 



tos- 



^^^ 



Invalid 
Dout 



k>FF 



tDH 



Din 



f RCS 



.1 j_ 



tDS" 



in WW/mk 



W2%% i WMflx -a YmtM M u 



Invalid 
Dout 



k>FF 






. twp 






Din 



/" 



•1SSIJ 



Invalid 
Dout 



l or-F 



Invalid 
DouL 



torp 



^- 



: Don't care 
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HM514101A Series 



1 Nibble Mode Read-Modify-Write Cycle 



RAS 



=k 



CAS tT— * 



USR 



Address \ 



WE 



Din 



Dout 



tRAH 



tRAS 



A 



*RCD 



\ i 



tR;>D 



Use 



*CAH 



tDS 



*NCP 



*NRWC 



tNCP 



«< 1n£W£ ^ 



\l i^Y 



*NCP 



J- 



Y 



*NCWt. 
4 >» 



*RP 

/ \ 



\ 



*crp 



Irwi. 



tDS" 



/CAC 



*AA 



JRAC ^ 



tos--> 




*OFF 



^ Dout ) — ( 



*NAC 




tos- 



k)FF 



Dout 



}- J. 



*NAC 



l OFF 



) {_ Dout ) < 



^- .[ 



*NAC 



k>Fr 



Dout } 



: Don' I rare 
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HM514101A Series 



• Test Mode Cycle 



RAS 



CAS 




m. 



Set Cycle*** 

< i ► 




Test Mode Cycle 









Reset Cycle 
A - ► 





^. 



Normal Mode 




* CBR o r RAS only refresh 
: Don't care 



Address, Din, : Don't care 



• Test Mode Set Cycle 

WE and CAS Before RAS Refresh Cycle 



RAS 



CAS 



/ 



tRP 



'\ 



iRPC. 



y^tcpji^ 



< tc * R » 



x. 



4 %$ > 



tRC 



"L 



*RAS 



< tCHR > 



^VH_^ 



7 



kPN 



tRP 



«i££l„ 



W 




k-Rp . 



V 
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HM514101A Series 



• Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 



H ~ ► 



RAS / 



CAS 



Wi- 



AcJdress 



Dout 



*nrc ^t c$ll ^ 



\ J. \ 






tws, 



tRC 



< ^— ► 



t|<P 

A ► 



tarn 



M 



l CPN 



*RPC 




^ 



4 — t C Rp 




* H : Don't care 



RAS Only Refresh Cycle 



RAS 



CA\ 



"\ 



A 



Ad<ires$ J 



tRC 



tRAS 



« !k ► 



Irpc 



*CRP 



\ 




Dout 



HiglvZ 



Refre sh address AO - A9 (AXO ~ AX9) 
W%fy : Don't care 
WE: Don't care 
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HM514101A Series 



> CAS Before RAS Refresh Counter Check Cycle (Read) 



RAS 



\, 



CAS 



\ 



, *CSR , 



"K 



i 



< tCH " > 



*CPT 

<< ~ ► 



.£ 



-L 



<— t T 



Ai 




we wmmr 



I 





<3^H 



'\ 



< JEM ► 



*CAS 



*CAH 



Column 



H— ♦» 

<J _jAA ^ 



Dout 



l CAC 



i. 



*RP 

M ► 



/ 



.tCKP. 



i. 



V 




tRRH 






<r±S®-V 



Dout 



> 



: Don't care 
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HM514101A Series 

• CAS Before RAS Refresh Counter Check Cycle (Write) 



RAS 



\ 



CAS 



\ 



, *CSR , 



"K. 



< tcHR ► 



tcPT 



JT 



\ 



Use" 



«— t T 



WE %; 



Dout 





A- 



« — Ssh — ► 



tCAS 



« !SE ► 



V 



« kRP 



kAH 



Column 




twCH 




« ^ ► 



Din 




High-Z 



%% : Don'L core 
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HM514400 Series 

1,048,576- Word x 4-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514400 is a CMOS dynamic RAM organized 1,048,576 word x 
4-bit. HM514400 has realized higher density, higher performance and various func- 
tions by employing 0.8 jam CMOS process technology and some new CMOS circuit 
design technologies. The HM514400 offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514400 to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 

• Low Power Dissipation 

Active Mode 

Standby Mode 

• Fast Page Mode Capability 

• 1 ,024 Refresh Cycles 

• 3 Variations of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

Hidden Refresh 

• Test Function 

■ ORDERING INFORMATION 



.80 ns/100 ns/120 ns (max) 



.495 mW/440 mW/385 mW (max) 
1 1 mW (max) 



.(16 ms) 



HM514400JP Series 




(CP-20DA) 



HM514400ZP Series 




(ZP-20) 



PIN OUT 



Part No. 


Access 


Package 


HM514400JP-8 

HM514400JP-10 

HM514400JP-12 


80 ns 
100 ns 
120 ns 


350 mil 20-pin 
Plastic SOJ 
(CP-20DA) 


HM514400ZP-8 

HM514400ZP-10 

HM514400ZP-12 


80 ns 
100 ns 
120 ns 


400 mil 20-pin 
Plastic ZIP 
(ZP-20) 


■ PIN DESCRIPTION 


Pin Name 


Function 


A -A 9 


Addres 


s Input 


A -A 9 


Refresh Address Input 


IAVI/O4 


Data-in/Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


OE 


Output Enable 


v C c 


Power ( 


+ 5V) 


v S s 


Ground 



HM514400JP Series 



1/0, 1 [ 

l*>2 2C 
WE 3[ 
RAS 4[ 
A9 5[ 

A0 6 
A1 7[ 
A2 8 
A3 9 
Vcc 10 



r Hitachi Pin No. — . 
JEDECPtnNo. 1 



fffSTUft 



]20 VSS 
] 19 l/0 4 
]18 l/0 3 
]17 CAS 
]16 OE 

]15 A8 
]14 A7 
]13 A6 
]12 A5 
]11 A4 



(Top View) 



HM514100ZP Series 



I OE 
3 I/O3 
5 Vss 

7 IK>2 
9 RAS 

II A 
13 A 2 
15 Vcc 
17A 5 
19A 7 



(Bottom View) 



CAS 2 




I/O4 4 




I/O, 6 
WE 8 




A9 10 




A, 12 




A3 14 




A 4 16 




A 6 18 




A A 20 
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HM514400 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V$s 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§g 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


Topr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = o to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


(I/O Pin) 


ViL 


-1.0 


— 


0.8 


V 


1 


(Others) 


ViL 


-2.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vss- 

• DC Electrical Characteristics (T A 



to +70°C, V C c = 5V ±10%, V S s = 0V) 



Parameter 


Symbol 


HM5 14400-8 


HM514400-10 


HM5 14400- 12 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


Icci 


- 


90 


- 


80 


- 


70 


mA 


RAS, CAS Cycling 
t RC = Min 


1,2 


Standby Current 


!CC2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH 
D out = High-Z 




- 


' 


- 


1 


- 


1 


mA 


CMOS Interface RAS, 
CAS > V cc - 0.2V 
D out = High-Z 




RAS Only Refresh Current 


ICC3 


— 


90 


— 


80 


— 


70 


mA 


t RC = Min 


2 


Standby Current 


ICC5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH 
CAS = V IL 

D out = Enable 


1 


CAS Before RAS Refresh 
Current 


!CC6 


- 


90 


- 


80 


- 


70 


mA 


t RC = Min 




Fast Page Mode Current 


I<X7 


— 


90 


— 


80 


— 


70 


mA 


tpc — Min 


1,3 


Input Leakage Current 


In 


-10 


10 


-10 


10 


-10 


10 


JLtA 


0V < V in < 7V 




Output Leakage Current 


lLO 


-10 


10 


-10 


10 


-10 


10 


JLtA 


0V < V out < 7V 
D out = Disable 




Output High Voltage 


VOH 


2.4 


v C c 


2.4 


Vcc 


2.4 


Vcc 


V 


High I out = — 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice max i s specified at the output open condition. 

2. Address can be changed once or less while RAS = Vjl- 

3. Address can be changed once or less while CAS = Vm- 

• Capacitance (T A = 25°c, v C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


C12 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


Ci/o 


— 


10 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 
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• AC Characteristics (T A = o to + 70°C, V C c = 
Read, Write, Read-Modify-Write and Refresh 



5V +10%, V ss = 0V)L 14, 15, 16 

Cycles (Common Parameters) 



Parameter 


Symbol 


HM5 14400-8 


HM5 14400-10 


HM514400-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


150 


— 


180 


— 


210 


— 


ns 




RAS Precharge Time 


tRP 


60 


— 


70 


— 


80 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


*CAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


tASC 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tCSH 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


*CRP 


5 


— 


10 


— 


10 


— 


ns 




OE to Dj n Delay Time 


*ODD 


20 


— 


25 


— 


30 


— 


ns 




OE Delay Time from D m 


tDZO 





— 





— 





— 


ns 




CAS Setup Time from Dj n 


tDZC 





— 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


ms 






Read Cycle 



Parameter 


Symbol 


HM5 14400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


— 


120 


ns 


2, 3, 17 


Access Time from CAS 


tCAC 


— 


25 


— 


25 


— 


30 


ns 


3,4,13 


Access Time from Address 


Ua 


— 


40 


— 


45 


— 


55 


ns 


3, 5, 13, 16 


Access Time from OE 


tOAC 


— 


25 


— 


25 


— 


30 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tOFFl 





20 





25 





30 


ns 


6 


Output Buffer Turn-off to OE 


tOFF2 





20 





25 





30 


ns 


6 


CAS to Di n Delay Time 


tCDD 


20 


— 


25 


— 


30 


— 


ns 





Write Cycle 



Parameter 


Symbol 


HM5 14400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


15 


— 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


t WP 


15 


— 


20 


— 


25 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


25 


— 


25 


— 


30 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


25 


— 


25 


— 


30 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


tDH 


15 


— 


20 


— 


25 


— 


ns 


11 
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Read-Modify-Write Cycle 



Parameter 


Symbol 


HM5 14400-8 


HM5 14400- 10 


HM514400-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


210 


— 


245 


— 


285 


— 


ns 




RAS to WE Delay Time 


tRWD 


110 


— 


135 


— 


160 


— 


ns 


10 


CAS to WE Delay Time 


tcWD 


55 


— 


60 


— 


70 


— 


ns 


10 


Column Address to WE Delay Time 


tAWD 


70 


— 


80 


— 


95 


— 


ns 


10 


OE Hold Time from WE 


tOEH 


25 


— 


25 


— 


30 


— 


ns 





Refresh Cycle 




















Parameter 


Symbol 


HM5 14400-8 


HM5 14400-10 


HM5 14400- 12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


- 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HM5 14400-8 


HM5 14400- 10 


HM514400-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


__ 


ns 




Fast Page Mode CAS Precharge Time 


*CP 


10 


— 


10 


— 


15 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


ns 


12 


Access Time from CAS Precharge 


*ACP 


— 


50 


— 


50 


— 


60 


ns 


13,17 


RAS Hold Time from CAS Precharge 


tRHCP 


50 


— 


50 


— 


60 


— 


ns 




Fast Page Mode Read-Modify-Write 
Cycle Time 


tpCM 


105 


- 


110 


- 


130 


- 


ns 





Test Mode Cycle 




















Parameter 


Symbol 


HM5 14400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Test Mode WE Setup Time 


tws 





— 





— 





— 


ns 




Test Mode WE Hold Time 


*WH 


20 


— 


20 


— 


20 


- 


ns 





Counter Test Cycle 




















Parameter 


Symbol 


HM514400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Precharge Time in Counter 
Test Cycle 


tCPT 


40 


- 


50 


- 


60 


- 


ns 





Notes: 1. AC measurements assume tx = 5 ns. 

2. Assumes that tRCD ^ tRCD (max) and tRAD - *RAD (max). If tRCD or tRAD * s g reater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads and 100 pF. 

4. Assumes that tRCD ^ *rcd (max) and tRAD ^ tRAD (max). 

5. Assumes that tRCD ^ tRCD (max) and tRAD - tRAD (max). 

6- toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. Vjh (min) and Vil (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between Vjh and Vjl- 
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8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. twcs> tRWD> tcWD an d tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs - tw"CS (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tR^D ^ tRWD O™ 11 )' *CWD - tcwD (min) and tAWD - tAWD (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tAA or tCAC or *ACP- 

14. An initial pause of 100 jus is required after power up followed by a minimum of eight initialization cycle s (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

16. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits — CAO. This test 
mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 
will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits accord each other, the 
condition of the output data is high level. When the state of test bits do not accord, the condition of the output data is low 
level. Data output pin is 1/03 and data input pin is 1/02. In order to end this test mode operation, perform a RAS only 
refresh cycle or a CAS before RAS refresh cycle. 

17. In a test mode read cycle, the value of tRAo tAA> tOAC an d tACP * s delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 




■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS 



Address 



WE 



Dout 



Din 



OE 



K 



tASR 



2< 



tRC 



*RAS 



tRCD 



^ tRSH 



tRAD 



\ 



tRAH ^SC 



)«^< 



tCAS w 



tcSH 



tRAL 



/' 



Jrcs, 



y//////////// / 



JiaiLL. 



tRAC 



tozc 



~A* "" , .\ 



tCRP 



V 



W/////////M 



tCAC 



tOAC 



'/////////A * 



tpzo 



y////////////////7 Z^ , ///////////////a 



tRCH^ 



"VZ^ 



tOFFl 



tOFF2 



«// // //// // 



•WA 
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HM514400 Series — 
• Early Write Cycle 



RAS 
CAS 

Address 

WE 

Din 
Dout 



n: 



Iasr 

2>f 



tRC 



tRAS 



tRCD 



tcSH 



\ 



tRAH 

«* »«- 



tASC 



w&i 



*CAS 



yLtaJV 



/ 



t*RP 



X. 



y//////////^A 



J*™~ 



:« z?mv ><: 



tCAH 



. //////////////// 



"Mi. '°H ., 



' OE * Donl care 

'[g^iDorrtcara 



• Delayed Write Cycle 



RAS 



CAS 



X 



tRC 



tRAS 



tcSH 



t WCP ^ 



>: 



^ tRAH 



tASC. 



tCAH 



Address TZfy - > £ff 



tcWL 



tRVW. 



Din '//////////* 

tozo 



tos, 



Dout 



OE W/////////M//& 



yzs 



X. 



) ^//////////////, 



\~ ////////////////a 



tDH 

"* »> 



^iooo 



<7*^ y?777Z777777777/. 



tQEH 



W//////////Z, 



: Don't care 
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Read-Modify-Write Cycle 



RAS 
CAS 



\ 



tASR 



Address 77z m~^tf ?x: 



tRCO 



1' tpp 7 



i lap 



'wad „ 



Y 



tRAH 



Use 



tRCS 



WE 



'///////////// / 



! «wp 



tRAC 



l« tDZC » 



Dm '//////////# y* 



Dout 



OE 



>' — V 



-^3« //////// S> <///////////, 

tCWD - *RWL ^ 



tAA 



lO AC, 

Jozo 



'////////////vyk Jf 



^AC H)^. 



M 



d9 



\ i*^///////////////,. 



m frH » 



k)FF2 



JoOD 



W////////////, 



tQ6H 



^<^^ 



RAS Only Refresh Cycle 



RAS 

CAS 

Address 
Dout 



K 



tCRP 



t A SR^ 



tRAS 



>r 



tRP 



X 






tRAH 



W//////////////////////M 



* OE. WE : Oonl car* 

' y///A Don-tears 

" Refresh Address: A0-A9 

(AX0-AX9) 
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Hidden Refresh Cycle 



RAS 



CAS 



t/VSR 



Address 



tRC 



tRAS 



*f 



^JrP^ 



tflCO 



tRAO 




tRCS 



WE 



Dout 



Din 



^^ 



tRAC 



\ 



- tRSH 



tRAS 



T\ (Rrtrwh) f a \^ (Relrssh) ^ 



tCAS 



tRAS 



tcHR 



tASC 



^b5 



. tpzc 



"tCAH 




V 



W///////////^//////////M zyz. 



m VZTZm . 



Toac 



"tcAC 



• tRCH 



^ZSl 



tOFFi, 



-tOFF 1 



JCOD. 



#&&??, 



,^ 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 



<t 



tRC 



tRAS 



JCHR^ 



\ K 5= a K * „\ 



tRPC 



z: 



1 



tRC 



tRAS 



« tCHR *■ 



-tcSR 



l^ 



OPEN 



Dout 



■ EZ3I " 
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• Fast Page Mode Read Cycle 



RAS 



CAS 



\ 



tASR 

Address Y//2 $ 



tRASC 



*CSH 



WE 






RowJ^fcoT 



D,n 777777?* 



Dout 



OE 



tRAC 



tpc 



/ >- \ 



tRCH 



tcDD 




tCAC 



tAA. 



tQOD 



tRCS_i 



.tCAS. 



-* ** ** *" tcAS h* 



Use 



E*^S<^^^ 



tRChT 



<^k 



tozc 

Hl-Z 



icoo 



tACP 



Dout 



tOAC 
,t0ZO^ tQPF^ 



tCAC 



< 



tozo 



^\_Szz^^zz^^ 



IRCS 



tRSH 



tCAH, 



tCRP 




Dout 



tCAC 



tACP 



tQFFI 



Idzo 



JpDO 



tQFF2 



tRCH 



tCQD mt 



**& 



<^ 



tooo 



<[ Dout 



/ 



tOFFI 



tOFF2 



■ UM 



• Fast Page Mode Early Write Cycle 



RAS 
CAS 



K 



tcSH 



tRCD 



Address 7?s L *» ] &> % « 



Jc^s 



tcp 



l CAS| «CAS 

n4t 'O fSK 



tCAH t A SC I 



tyvcsl J 



*®< 



we V/////////S. 



hA. 



twCH twCS 



,^^L 



tOH 



Jos. 



>©t 



'A 



tRSH^ ^ tRP ^ 



twes 



twCH 



2m 



2^^ k 



High-Z 



l D^L 



W////////A 



twCH 



* <mm< 



tDH 



Dout 



• OE Don! care 

Don't care 



r^ 
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HM514400 Series 

• Fast Page Delayed Cycle 



RAS 



CAS 



Address 



\ 



tRASQ 



tPC 



/~\ 



V-OwO^f 



Din 



Dout 



OE 



to 5£L.* 



Jem_ 



_ tncs . ws. 'Res 



- ^^^^^^"^^^M 



sr 



"Jrcjs 



tRSH 
kiAS. 



, tQH 






Hi — Z 



M <CWL m 



tQH 



»j «y//////// t 



* mzz 



^■o™. 



Fast Page Mode Read-Modify-Write Cycle 



RAS 



CAS 



rx 



tRAD 
tRAH 



Address ~WP&%p W///////{ 



we ?m 



tRCS 



D- ^^ 



Dout 



tRWD 



tRAC 



oe Y///////A ^/' 



<°E> 




W//////#A ^ 



' »OAC 



^AH 



*awo 



tCWD 



tAA 
tOFF2 



*a> / 






twp 



\^ mw7, 



m 



tooo 



t^L 
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• Test Mode Cycle 



RAS 



CAS 



WE 



^ 



*3 
set cycle 



4Z&. 



Test mode cycle 




7 



Reset Normal 

Cycle* 1*3 mode 



^^ 



'1 CBR or RA S only refresh 

*2 X///)i Don't care 

*3 Address, Dm, OE Don't care 



• Test Mode Set Cycle 



RAS 
CAS 



y 



tRPC 



v v 



\ 



tcSR 



wi y////////h . 



tRC 



tRAS 



rz 



V 






-Iras 



////////////////////////// 



Address ////////////////////////////////////////////a 



Dout 



NoteM X///\ Don't 



• Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 



RAS tnpc 



\ 



CAS 



^k 



wl ^^ 



tws . 



tRC 



{RAS 



>: 



. tCHR . 



x 



JWH, 



,^ 






tcSR . 



W//^ 



Jws_ 



tRC 



/ 



»CHR 



$ 



^sau. 



V/////////// 



2 



Address /////////////^^^^^ 

OPEN 

Dout 

Note'1 X///A Don't care 
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HM514400 Series 

• RAS Only Refresh Cycle 



tRC 



RAS 



(RAS l 



CAS ^ 



'//AW 

_ ! ASR _ 



Address V///////M 



l RPC 



V 



*RAH 



W/////////////, 



W////////////////////////S 



Dout 



Note '1 Refresh Address A0-A9 (AXO-AX9) 
*2 X///A Don't care 



• CAS Before RAS Refresh Counter Check Cycle (READ) 



RAS 



CAS 



Y 



tcsn 



"X 



tCPT 



Ft 



ai v///////////y///// zz*L 



WE 
Din 

Dout 
OE 



' //////// / 






J t C RP ^ 



tCAH 



*RAC 



tAHR 



W///////////A 



V WH 



"tCAC 



*OAC 



v////////////////m t. 



Irom 



tQEP 



•♦^JtRCH 



^ 



tQFFI 



W////////A 
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CAS Before RAS Refresh Counter Check Cycle (WRITE) 



tRP 



RAS 
CAS 

Ai 
WE 

Din 
Dout 



V 



tcSR 



X 



tCHR U:PT 






'//////// / 



tRSH 



*CRP 



tCAS 



V 



tCAH 




W////////////, 



W//////////////// 6 



OE 7j 



V////////////////////^//////////////////^ 

•1 Vy//A Donl cars 




■ 4M DRAM LOW POWER VERSION 

The specification on the low power version is the same as the standard 4 megabit DRAM with the exception of the 
following parameters. 



Item 


Conditions 


Specifications 


Type No. 


4Mxl 


HM514100LJP/LZP 


1Mx4 




Temperature 


— 


0-55°C 


ICC2 

(Standby CMOS Interface) 


RAS, CAS, WE > V cc - 0.2V 
Other Pin > V C c - 0.2V or < 0.2V 
(Address and D{ n is Stable) 
D 0Ut :High-Z 


200 jutA max 


!cciO 

(Standby with CBR Refresh) 


tRC = 125 H>> tRAS ^ 1 M- s 
ViLl ^ V C c ~ 0.2V, V IL < 0.2V 
WEandOE = V IH , Address and D ln is Stable 
D out : High-Z 


300 ja A max 


Refresh 
tREF 


- 


128 ms 
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HM514400L Series 



Low Power Version 



1,048,576-Word x 4-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514400 is a CMOS dynamic RAM organized 1,048,576 word x 
4-bit. HM514400 has realized higher density, higher performance and various func- 
tions by employing 0.8 /xm CMOS process technology and some new CMOS circuit 
design technologies. The HM514400 offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514400 to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 

■ FEATURES 

• Single 5V ( + 10%) 

• High Speed 

Access Time 

• Low Power Dissipation 

Active Mode 

Standby Mode 

• Fast Page Mode Capability 

• 1 ,024 Refresh Cycles 

• 3 Variations of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• Test Function 

• Battery Back Up Operation 

■ ORDERING INFORMATION 



.80 ns/100 ns/120 ns (max) 



.495 mW/440 mW/385 mW (max) 
1 1 mW (max) 



.(128 ms) 



Part No. 


Access 


Package 


HM514400LJP-8 

HM514400LJP-10 

HM514400LJP-12 


80 ns 
100 ns 
120 ns 


350 mil 20-pin 
Plastic SOJ 
(CP-20DA) 


HM514400LZP-8 

HM514400LZP-10 

HM514400LZP-12 


80 ns 
100 ns 
120 ns 


400 mil 20-pin 
Plastic ZIP 
(ZP-20) 


■ PIN DESCRIPTION 


Pin Name 


Function 


Ao-A 9 


Address 


Input 


A0-A9 


Refresh Address Input 


I/O1-I/O4 


Data-in/Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


OE 


Output Enable 


v C c 


Power ( 


+ 5V) 


v S s 


Ground 



HM514400LJP Series 




(CP-20DA) 



HM514400LZP Series 




(ZP-20) 



PIN OUT 



HM514400LJP Series 

r- Hitachi Pin No.-, 

I J r E 9 E 2-f in i N ?- I 




]15 A8 
]14 A7 
]13 A6 
]12 A5 
]11 A4 



(Top View) 



HM514400LZP Series 

I OE 
3 1/03 
5 Vss 
7 IKE 
9 RAS 

II A 
13 A 2 
15Vcc 
17 A5 
19 A 7 



(Bottom View) 



CAS 2 




I/04 4 




1/01 6 




WE 8 




A9 10 




A1 12 




A3 14 




A4 16 




A6 18 




AS 20 





374 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM514400L Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V§s 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§s 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


J out 


50 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


T pr 


Oto +70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vih 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


(I/O Pin) 


Vil 


-1.0 


— 


0.8 


V 


1 


(Others) 


Vil 


-2.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgs- 

• DC Electrical Characteristics (T A = o to +70°c, v C c = 5V ±10%, v S s = 0V) 




Parameter 


Symbol 


HM5 14400-8 


HM514400-10 


HM514400-12 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


Icci 


- 


90 


- 


80 


- 


70 


mA 


RAS, CAS Cycling 
tRC = Min 


1,2 




ICC2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH , 
D out = High-Z 




Standby Current 


- 


200 


- 


200 


- 


200 


jaA 


CMOS Interface RAS, 
CAS and WE > 
V cc - 0.2V or < 0.2V, 
Address and Dj n : 
Stable, D out = High-Z 




RAS Only Refresh Current 


!CC3 


— 


90 


— 


80 


— 


70 


mA 


t RC = Min 


2 


Standby Current 


ICC5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH , 
CAS = V IL , 

D out = Enable 


1 


CAS Before RAS Refresh 
Current 


ICC6 


- 


90 


- 


80 


- 


70 


mA 


t RC = Min 




Fast Page Mode Current 


!CC7 


— 


90 


— 


80 


— 


70 


mA 


tpc = Min 


1,3 


Battery Back Up 
Operating Current 
(Standby with CBR 
Refresh) 


Iccio 


- 


300 


- 


300 


- 


300 


jjA 


tRC - 125 P^ 
t RAS ^ 1 ^S 
V CC - 0-2V ^ 
V IH < 6.5V, 
0V < V IL < 0.2V, 
WEandOE = V IH , 
Address and Dj n : Stable, 
D out = High-Z 




Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


jaA 


0V < V in < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


jaA 


0V < V out < 7V 
D out = Disable 




Output High Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


High I out = - 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


Lowl ou t = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed once or less while RAS = Vjl. 

3. Address can be changed once or less while CAS = Vih- 
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• Capacitance (T A = 25°c, Vcc = 5V ±10%) 












Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Q2 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


c i/o 


— 


10 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 

• AC Characteristics (T A = o to +70°C, v C c = 5V ±10%, v S s = 0V) 1 - 14 > 15 ' 16 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM5 14400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


150 


— 


180 


— 


210 


— 


ns 




RAS Precharge Time 


*RP 


60 


— 


70 


— 


80 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tCSH 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


5 


— 


10 


— 


10 


— 


ns 




OE to D in Delay Time 


t()DD 


20 


— 


25 


— 


30 


— 


ns 




OE Delay Time from Di n 


tDZO 





— 





— 





— 


ns 




CAS Setup Time from D in 


*DZC 





— 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


128 


— 


128 


— 


128 


ms 





Read Cycle 



Parameter 


Symbol 


HM5 14400-8 


HM5 14400- 10 


HM514400-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


— 


120 


ns 


2, 3, 17 


Access Time from CAS 


tCAC 


— 


25 


— 


25 


— 


30 


ns 


3,4,13,17 


Access Time from Address 


*AA 


— 


40 


— 


45 


— 


55 


ns 


3, 5, 13, 16, 17 


Access Time from OE 


k)AC 


— 


25 


— 


25 


— 


30 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 


18 


Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 


18 


Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tOFFl 





20 





25 





30 


ns 


6 


Output Buffer Turn-off to OE 


k)FF2 





20 





25 





30 


ns 


6 


CAS to D in Delay Time 


tCDD 


20 


— 


25 


— 


30 


— 


ns 
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Write Cycle 



Parameter 


Symbol 


HM5 14400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


*WCH 


15 


— 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


20 


— 


25 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


25 


— 


25 


— 


30 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


25 


— 


25 


— 


30 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


20 


— 


25 


— 


ns 


11 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM5 14400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


210 


— 


245 


— 


285 


— 


ns 




RAS to WE Delay Time 


tRWD 


110 


— 


135 


— 


160 


— 


ns 


10 


CAS to WE Delay Time 


tCWD 


55 


— 


60 


— 


70 


— 


ns 


10 


Column Address to WE Delay Time 


*AWD 


70 


— 


80 


— 


95 


— 


ns 


10 


OE Hold Time from WE 


tQEH 


25 


— 


25 


— 


30 


— 


ns 





Refresh Cycle 




















Parameter 


Symbol 


HM5 14400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HM5 14400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


*CP 


10 


— 


10 


— 


15 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


ns 


12 


Access Time from CAS Precharge 


tACP 


— 


50 


— 


50 


— 


60 


ns 


13,17 


RAS Hold Time from CAS Precharge 


tRHCP 


50 


— 


50 


— 


60 


— 


ns 




Fast Page Mode Read-Modify-Write 
Cycle Time 


tpCM 


105 


- 


110 


- 


130 


- 


ns 





Test Mode Cycle 




















Parameter 


Symbol 


HM5 14400-8 


HM514400-10 


HM5 14400-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Test Mode WE Setup Time 


tws 





— 





— 





— 


ns 




Test Mode WE Hold Time 


t\VH 


20 


— 


20 


— 


20 


— 


ns 





Counter Test Cycle 




















Parameter 


Symbol 


HM5 14400-8 


HM514400-10 


HM514400-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Precharge Time in 
Counter Test Cycle 


tcPT 


40 


- 


50 


- 


60 


- 


ns 
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Notes: 1. AC measurements assume tj == 5 ns. 

2. Assumes that tRCD ^ l RCD (max) and tRAD ^ tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that tRCD ^ tRCD (max) and tRAD ^ *rad (max). 

5. Assumes that tRCD ^ tRCD ( max ) aiK * *RAD - tRAD (max). 

6- toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vih (min) and Vtl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vjl. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. twcs> tRWD> tcwD an d tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if t\ycs - twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) through the entire cycle; if tRWD ^ tRWD (min), tcwD - tcwD (min), and tAWD - tAWD (min), the 
cycle is a read-modify- write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-w rite c ycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP- 

14. An initial pause of 100 jas is required after power up followed by a minimum of eight initialization cycle s (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

16. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits — CA0. This test 
mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 
will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits accord each other, the 
condition of the output data is high level. When the state of test bits do not accord, the condition of the output data is low 
level. Data output pin is I/O3 and data input pin is I/O2. In order to end this test mode operation, perform a RAS only 
refresh cycle or a CAS before RAS refresh cycle. 

17. In a test mode read cycle, the value of tRAO tAA> to AC anc * tACP is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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■ TIMING WAVEFORMS 
• Read Cycle (1) 



RAS 



CAS 



K 



tASR 



Address 



WE 



Dout 



Din 



2< 



tRC 



tRAS 



tRCD 



tRAD 



\ 



tR. 



tASC 



Row 



7. 




IRSH 



tCAS 



tcSH 



tRAL 



•' 



'/////////////A 



tRCS^ 



Hi-Z 



tRAC 



//////////;> 



tpzc 



~A* tBp »\ 



tCRP 



X 



-ZZ W/AAAAAAAAM 



tCAH 



JCAC 



Jaa 



tOAC 



Hi-Z 



tpzo 



or 'AAAAAAAAAAAAAAAAAAPZk. A///////////////, 



< 



tRCH^ 



. *RRH . 



"^^ 



tOFFl 



Dout 



> 



tOFF2 



tCDD 



tODD 



j '/AAAAAAAAA, 



urn™ 



care 
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• Early Write Cycle (2) 



RAS 



CAS 



\ 



*ASR 



tRC 



tRAS 



tcSH 



,4 « tRp »x 



tRCD 



\ 



tRAH 



tASC 



«» ?7?> ciz-w zmcz= w///////m 



tRSH ^ 



^ t C AS 



X 



*CRP 



wi V//////////M 



Jwcs^ 



tCAH 



twCH 



. /////////////A 



». ///////////////A ■» W 7^ 7777^, 



Dout 



Hi-Z 



OE : Don't care 
Y////% : Donl care 
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• Delayed Write Cycle (3) 



RAS 



CAS 



\ 



tASR 



tRC 



tRAS 



tCSH 



tRCD 



tASC 



tRAH 

«* ** 



\ 



tRSH 



tCAS 



tCAH 



H—V Tzry c * «■- W ZV ?/////////////, 



tcWL 
tRW. 



/ 



,\. ""' .'\ 



tCRP 



x 



wi v////////////////Z7ZMr~Y//"//s"///^ 



m, V///////A 



tozcr 



*DZC 



tos 



tOOD 



&< 



Din 



OE 



Z 



'/////////JW/// / 



twp 



tDH 



■ST K//////////////, 



-JaitL^ 



* Y////X : Don,t care 
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• Read-Modify-Write Cycle (4) 



RAS 



CAS 



«t- 



\ 



tASR 



Address 



WE 



mi 



tRWC 



tRCP 



iS^ 



>. 



tRAD 



" tRAH tASC 



tRCS 



///////////// 



/ 



tRWD 



tRAC 



Dout 



*£&** 



tCAH 



tCWD 



■SZT W/////WM/////////. 



tAWD 



tAA 



Hi-Z 



Hi-Z 



tOAC, 
tDZO 



OE 



V///////////A . X 



7, 



-JCAC Hft 



loul 
tOFF 



^ tcWL 



tRWL 



sr-v////////////. 



l DH 



sr- v///////////. 



tOEH 




^: 



Donl care 



• RAS Only Refresh Cycle (5) 



RAS 



\ 



tCRP 



m TZfflL 



Address 
Dout 




tASR 

M. »- 



tRC 



tRAS 



K 



tRP 



tRtfc 



V 



tRAH 




Row 



^ 



W/////////////////////////S 



Hi-Z 



"OE.WE : Donl care 

* fc^^l : Donl care 

** REFRESH ADDRESS: A0-A9 

(AX0-AX9) 
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• Hidden Refresh Cycle (6) 



RAS 



CAS 



tASR 



Address 

WE 

Dout 

Din 
OE" 



as 



tRC 



tRAS 



(Read) 



tRCD 



tRAD 

«* »» 



tRAH" 



Row 



m 



tRCS 



TfflP 



^ tRAC 



\ 



tRP. 



^ A (Refresh) L/ > < Re,resh ) ./ 



<-tRSH 



tCAS 



tCHR 



tASC 
— "^-tcAH 



m\ 



tpzc 



tRP 



>' 



w////////////fy/////////)//f -y?, 



tAA> 



tpzo. 



T^ssai 



1QAC 



-^"tcAC 



<C 



"*- tRCH 
tRRH 



T?m 



tOFFg. 



<*- tOFF 1 



JcDO. 



JODO" 



^^ 



•1 t^%1 :Don1 



care 



• CAS Before RAS Refresh Cycle (7) 



RAS 



CAS 



tCSR, 



tRC 



tRAS ^ 



Js& 



\ Y C~ZS K 



K^C 



tRPC 



^ 



tRC 



tRAS 



tCHR 



■tcSR 



tRP 



r 



tCRP 



«~ ////////////////////////////////////////////A 



Dout 



OPEN 



^: 



WE : V, H 



Donl care 
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• Fast Page Mode Read Cycle (8) 



RAS 



\ 



CAS 



tASR 



tRASC 



tcSH 



/aV 



tRCD 



tRAH 



tRAD , 



USQ^ 



tCAS 

-« >• 



> a~My~~'0' 



tCAH 



tRCS 



m.m V///////// 



Dm Tzzm 



Dout 



OE 



tozc. 



tpc 



tcp 



*ASC 



? 



tCDD, 



tooo, 



<JAA_ 



tCAC 



tRAC 



Hi-Z 



< 



tozo. 



tCAS 



tcp 



tCAH 




Dout^ 



tRHCP 



Use 



Address ?>o^m^^ 

I I I I IRCS | | | tRQS 



tRCH^^ 



tozc 

tCDD* 



tAA k 



tCAC 
tACP ^ 



tOFFl 



tOFFl 



w 



Hi-Z 



} tQAC 

♦ t D zo . 

tQAC_ 



^3 



tRSH 



tCAS 

< ► 



tRAL 



J2* H 



tcRP 



™mzzm 



<JDZC 



tCAC 

«* — *■ 



tAA. 



tACP 



n^£ 



Hi-Z 



JODD 



wm > X 



H l RCH 



'W 



tODD 



<. 



tRRH 
tCDO 



z 



Dout 



tOAC 



tOFFl 



> 



t0FF2 



* Y///A -Donl care 
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• Fast Page Mode Early Write Cycle (9) 



RAS 



CAS 



K 



tASR 



■*• tRCD 



tRASC 



tCSH 



tRAH tASC 



tpc 



tCAS tcAS 

N W '§' KJ(' 

tCAH tCAH 



tCAH tASC 



Address M Row V & A ™ : l &OL c*>0^ t °°i 



Jwcs 



SI >/////////* . 



Din 
Dout 



«3»* 



twCH twCS 



. ^j 



tDH 



Jos_ 



tASC 



t~v 



tRSH^ I | < tRP r 
tCRP . 
tCAS 



twcs 



twCH 



2^> 



tDH tos 



TZZZ^ZKy^ZKD&Z^J&ZZZZZ 



y mm, 



tWCH 



,^^ 



tDH 



Ht-Z 



* OE :Don1care 

' Y///A : Don't care 



• Fast Page Delayed Write Cycle (10) 



RAS 



CAS 



Address 



tASR 



tRASC 



tCSH 



tRCD 



tRAH 
«« *- 



\ 



Row 



tASC, 



Din 



Dout 



OE 



« tRCS » | 



JCAS^ t CP » 

tCAH 



Column 



tos. 



tew. 



tASC, 



)®( 



tpc 



\ 



^CAS^ 



tCAH 
c — > 



ias§J 



twp „ 



♦iei, 



^SCZm3<2CJ^ 



tDS, 



we TZZZ* — % J^ Pl j^K d^EEE 



twp_J 

^ tpH 

* * t DS 



tcWL . 



tASC 



tRSH . 



y"Y 



tCAH 
< >■ 



zEEy&fcEEj&ZZZZZ. 



A 



tRP, 



^Jcbp, 



tcWL 



tRWL 



twp 



tDH 



t 



tQEH 



Hi-Z 



^ 






W///// 



z 



^ 



Don't care 
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HM514400L Series 

• Fast Page Mode Read-Modify-Write Cycle (11) 



tRP 



RAS 



CAS 



Address 



tASR 5 



tRASC 



tRAD 



tRAH 



tASC 



tRCS 



WE 



Din 



Dout 



OE 



m? 



tCAH 



tDZC 



WZfc 



tPCM 



Jr\ 



JOk 

tACP 



Use-*- - *- 



tRAC 



tCAC 



tOAC 



Hl-Z 



tDZO 



Tsmwi . / 



tcWD ^ 



tRWO 



<X 



{ Dout ) 



tOFF2 



— * t W P 
tos ^^ 



tDH tDZC 



Din 



>a> 



tOEH 

-< > 



t A WD ^ I I J *AWD , 

I^h il£2i| " u tcWD » i" 



tODD 



*a 



tcp 



tCAC 



tDZO 



"tOAC 



Hl-Z 



tOFF2 



< 



Dout 



s 



> 



tDS 



tDH 



twp 



\^ 



Din 



5'©' 



tOEH , 



Hl-Z 



tODD 






. ^a 



Don't care 



• Test Mode Cycle 



RAS 
CAS 

WE 


7\ 


*3 
set cycle 


Test mode cycle 


Reset 
Cycle *1*3 


Normal 
mode 




« 








////// 


J / 


W^ 








*3 


CBR or RAS c 
Address, Din, 


>nly refresh 

)ont care 

OE : Don't care 

0065-15 
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HM514400L Series 



• Test Mode Set Cycle (1) 



RAS 



CAS 



s. 



tRPC 



1 ^ tRAS ^ | 



\ 



Jcsr^ 



WE '////////fit . 



Jws^ 



tRC 



tRP 



tWH 



RPC 



X 



-*-tcRP 



y///////////////////////// 



^ y//////////////////////////////////////////// 



Dout 



OPEN 



Note*1 X///A : Don! care 



• Test Mode Reset Cycle (2) 



RAS 
CAS 

WE 

Address 
Dout 



y. 



tRPC 



|^ tRAS wl , ^ tRAS 



h^sa*. 






tRC 



^tCHR^ 



^tRPC 

. « tpSR 



:^z^k; 






tRC 



JCHH 



| « tcRP > 






T 



'///////////, 



S///////////////////////////////////////77777777, 



Z 



OPEN 



Note *1 



U77A 



: Don't care 
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HM514400L Series 



RAS Only Refresh Cycle 



RAS 



CAS 



Address 



Dout 



'rp 




JS£- 



A 



W///////M \ 



*^1h 



tRC 



tRAS 



■* — » l RPC 



l RAH 



W/////////////. 



Row 



w///////////////#zvm, 



OPEN 



Note *1 Refresh Address A0-A9 (AXO-AX9) 
*2 X///A : Dont care 



• CAS Before RAS Refresh Counter Check Cycle, (READ) 



RAS 



CAS 



\ 



\ 



tcSR 



*iSE- 



Ft 

l ASC_. ^ 



Ai 



WB/WE 



Wm 



^ 



~W7 



Din 



Dout 



OE 



tRP 



/ \ 

« ** .1 i 

tcAS _ 



tCAH 



Column 



tRAC 



Jahr 



^x 



w/Aamm. 



<^jtRCH 



icojt. 



tCAC 



JS^H 



Hi-Z 



< 



v/////////////////rt 



tQAC , 



Dout 



tOFFl 



tROH 



tQEP 



tOFF2 



> 



ymm, 



m&-. 



Dont care 
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HM514400L Series 



• CAS Before RAS Refresh Counter Check Cycle, (WRITE) 



RAS 



CAS 



Ai 



Din 
Dout 



Y 



tcSR 



X 



tCHR tcPT 



Use 



. iws ITtwH . iwcs 



wi V//////// 




tos 



tRSH 



/ 



tRP ^ 



tCRP 



tCAS 



X 



r\ 



tCAH 



Column 



tDSS 

^ — 



m. 



W////////////A 



tWGH 



tDH 



K//////////////////. 



tOHH 



Din 



m 



OPEN 



V//////////////////// Oomcare /////////////////A 



z 



•1 



^ 



: Donl care 
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HM514410 Series 

1,048,576- Word x 4-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514410 is a CMOS dynamic RAM organized 1,048,576 word x 
4-bit. HM514410 has realized higher density, higher performance and various func- 
tions by employing 0.8 ju,m CMOS process technology and some new CMOS circuit 
design technologies. The HM514410 offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514410 to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 

• Low Power Dissipation 

Active Mode 

Standby Mode 

• Fast Page Mode Capability 

• 1 ,024 Refresh Cycles 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• Test Function 

• Write per Bit Capability 

■ ORDERING INFORMATION 



Preliminary 



.80 ns/100 ns/120 ns (max) 



.495 mW/440 mW/385 mW (max) 
11 mW (max) 



.(16 ms) 



Part No. 


Access Time 


Package 


HM514410JP-8 

HM514410JP-10 

HM514410JP-12 


80 ns 
100 ns 
120 ns 


350 mil 20-pin 
Plastic SOJ 
(CP-20DA) 


HM514410ZP-8 

HM514410ZP-10 

HM514410ZP-12 


80 ns 
100 ns 
120 ns 


400 mil 20-pin 
Plastic ZIP 
(ZP-20) 



PIN DESCRIPTION 



Pin Name 


Function 


A -A 9 


Address Input 


A0-A9 


Refresh Address Input 


Wi/IOi- 


W4/I04 


Write Select/Data-in/Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WB/WE 


Write per Bit/Write Enable 


OE 


Output Enable 


Vcc 


Power ( + 5V) 


v S s 


Ground 



HM514410JP Series 




(CP-20DA) 



HM514410ZP Series 




(ZP-20) 



PIN OUT 



HM514410JP Series 

r Hitachi Pin No. — , 
JEDECPin No . | 

W1/KD1 1 
W2/I02 2[ 
WB/WE 3[ 
RAS 4[ 



A9 




20 Vss 
] 19 W4/I04 
] 18 W3/IQ3 
]17 CAS 
]16 OE 



]15 A8 
]14 A7 
313 A6 
312 A5 
311 A4 



(Top View) 



HM514410ZP Series 

I OE 
3 W3/I03 
5 Vss 
7 W2/IQ2 
9 RAS 

II A 
13A 2 
15 Vcc 
17A 5 
19A 7 

00 
(Bottom View) 



CAS 2 




W4/I04 4 




WI/I01 6 




WB/WE 8 




A9 10 




A1 12 




A3 14 




A4 16 




A6 18 




A8 20 
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HM514410 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V§s 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


w 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


*opr 


Oto +70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = o to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vm 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


(I/O Pin) 


ViL 


-1.0 


— 


0.8 


V 


1 


(Others) 


ViL 


-2.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vss- 

• DC Electrical Characteristics (T A 



to +70°C, V C c = 5V ±10%, V S s = 0V) 




Parameter 


Symbol 


HM514410-8 


HM514410-10 


HM514410-12 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


Icci 


- 


90 


- 


80 


- 


70 


mA 


RAS, CAS Cycling 
tRC = Min 


1,2 


Standby Current 


ICC2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH , 
D out = High-Z 




- 


1 


- 


1 


- 


1 


mA 


CMOS Interface RAS, 
CAS > V CC - 0.2V, 
D out = High-Z 




RAS Only Refresh Current 


!CC3 


— 


90 


— 


80 


— 


70 


mA 


t RC = Min 


2 


Standby Current 


ICC5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH , 
CAS = V IL , 

D out = Enable 


1 


CAS Before RAS Refresh 
Current 


J CC6 


- 


90 


- 


80 


- 


70 


mA 


t RC = Min 




Fast Page Mode Current 


!CC7 


— 


90 


— 


80 


— 


70 


mA 


tpc = Min 


1,3 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


/xA 


0V < V in < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


JLtA 


0V < V out < 7V, 
D out = Disable 




Output High Voltage 


VOH 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


High I out = - 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


Lowl out = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed once or less while RAS = Vjl. 

3. Address can be changed once or less while CAS = Vjh- 

• Capacitance (T A = 25°c, v C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


C12 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


Ci/o 


— 


10 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 
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HM514410 Series 

• AC Characteristics (T A = o to 70°c, v C c = 5V ±10%, v S s = ov)L 14 > 15 - 16 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM5 14410-8 


HM514410-10 


HM514410-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


150 


— 


180 


— 


210 


— 


ns 




RAS Precharge Time 


tRP 


60 


— 


70 


— 


80 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tcSH 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


5 


— 


10 


— 


10 


— 


ns 




OE to D in Delay Time 


tODD 


20 


— 


25 


— 


30 


— 


ns 




OE Delay Time from Dj n 


*DZO 





— 





— 





— 


ns 




CAS Setup Time from Dj n 


*DZC 





— 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


ms 





Read Cycle 



Parameter 


Symbol 


HM514410-8 


HM514410-10 


HM514410-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


— 


120 


ns 


2, 3, 17 


Access Time from CAS 


tCAC 


— 


25 


— 


25 


— 


30 


ns 


3,4,13,17 


Access Time from Address 


*AA 


— 


40 


— 


45 


— 


55 


ns 


3, 5, 13, 16, 17 


Access Time from OE 


tOAC 


— 


25 


— 


25 


— 


30 


ns 


17 


Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tOFFl 





20 





25 





30 


ns 


6 


Output Buffer Turn-off Time to OE 


k)FF2 





20 





25 





30 


ns 


6 


CAS to D in Delay Time 


*CDD 


20 


— 


25 


— 


30 


- 


ns 





Write Cycle 



Parameter 


Symbol 


HM514410-8 


HM514410-10 


HM514410-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


*WCH 


15 


— 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


t W p 


15 


— 


20 


— 


25 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


25 


— 


25 


— 


30 


— 


ns 




Write Command to CAS Lead Time 


tCWL 


25 


— 


25 


— 


30 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


20 


- 


25 


- 


ns 


11 
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HM514410 Series 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM5 14410-8 


HM514410-10 


HM5 14410-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


210 


— 


245 


— 


285 


— 


ns 




RAS to WE Delay Time 


tRWD 


110 


— 


135 


— 


160 


— 


ns 


10 


CAS to WE Delay Time 


tcWD 


55 


— 


60 


— 


70 


— 


ns 


10 


Column Address to WE Delay Time 


*AWD 


70 


— 


80 


— 


95 


— 


ns 


10 


OE Hold Time from WE 


k)EH 


25 


— 


25 


— 


30 


— 


ns 





Refresh Cycle 




















Parameter 


Symbol 


HM5 14410-8 


HM514410-10 


HM514410-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 




CAS Precharge Time (Normal Mode) 


*CPN 


10 


— 


10 


— 


15 


— 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HM5 14410-8 


HM514410-10 


HM514410-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


10 


— 


15 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


ns 


12 


Access Time from CAS Precharge 


*ACP 


— 


50 


— 


50 


— 


60 


ns 


13,17 


RAS Hold Time from CAS Precharge 


tRHCP 


50 


— 


50 


— 


60 


— 


ns 




Fast Page Mode Read-Modify-Write 
Cycle Time 


tpCM 


105 


- 


110 


- 


130 


- 


ns 




CAS Precharge to WE Delay Time 


*CPW 


80 


— 


85 


— 


100 


— 


ns 






Test Mode Cycle 




















Parameter 


Symbol 


HM514410-8 


HM5 14410- 10 


HM514410-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Test Mode WE Setup Time 


tws 





— 





— 





— 


ns 




Test Mode WE Hold Time 


t\VH 


20 


— 


20 


— 


20 


- 


ns 





Counter Test Cycle 




















Parameter 


Symbol 


HM514410-8 


HM514410-10 


HM514410-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Precharge Time in 
Counter Test Cycle 


tCPT 


40 


- 


50 


- 


60 


- 


ns 





Write per Bit™. 19 




















Parameter 


Symbol 


HM514410-8 


HM514410-10 


HM5 14410-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write per Bit Setup Time 


tWBS 





— 





— 





— 


ns 




Write per Bit Hold Time 


*WBH 


12 


— 


15 


— 


15 


— 


ns 




Write per Bit Selection Setup Time 


*WDS 





— 





— 





— 


ns 




Write per Bit Selection Hold Time 


tWDH 


12 


— 


15 


— 


15 


— 


ns 





HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (415) 589-8300 



393 



HM514410 Series 



Notes: 1. AC measurements assume tj = 5 ns. 

2. Assumes that tRCD ^ tRCD ( max ) an d *RAD ^ tRAD (max). If tRCD or tRAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max). 

5. Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max). 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7- Vffl (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vjl- 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by t^AC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD i s greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. twcs> tRWD> tcwD an d tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if t\ycs - t\ycs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD - tRWD (min), tcwD ^ tcwD (min) and tAWD - tAWD (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

1 1 . These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASc defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP- 

14. An initial pause of 100 jus is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle of CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

16. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits — CAO. This test 
mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 
will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits accord each other, the 
condition of the output data is high level. When the state of test bits do not accord, the condition of the output data is low 
level. Data output pin is I/O3 and data input pin is I/O2. In order to end this test mode operation, perform a RAS only 
refresh cycle or a CAS before RAS refresh cycle. 

17. In a test mode read cycle, the value of tRAO tcAO tAA> to AC an d tACP * s delayed for 2 ns to 5 ns for the specified value. 
These parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

18. When using the write-per-bit capability, WB/WE must be low as RAS falls. 

19. The data bits to which the write operation is applied can be specified by keeping Wl/IOi, W2/IO2, W3/IO3 and W4/IO4 
high with setup and hold time referenced to the RAS negative transition. 
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HM514410 Series 



■ TIMING WAVEFORMS 
• Read Cycle (1) 



RAS 



CAS 



v 



tASR 



Address 



^< 



tRC 



tRAS 



tRCD 



tRAD 



\ 



t RA H ^SC 



tRSH 



+ ^AS ^ 



tcSH 



tRAL 



/ 



WB.WE '/////////////A 



Jrcs^ 



W1/I01 



W4/I04 



Dout' 



Hi-Z 



tRAC 



Din 



//////////?> 



tpzc ^ 



'A* *<* »\ 



*CRP ^ 



l^&7 X^?y//////////////ZW7/. 



tCAH 



tCAC 



tAA 



tOAC 



Hi-Z 



tDZO 



m '/////////////////ZWk ///////////////// 



< 



*RCH_ 



« tRRH » 



! W?^ 



Dout 



tOFFl 



tOFF2 



tCDD 



tODD 



#//////////. 



^a--°°* 



car* 
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HM514410 Series 



Early Write Cycle (2) 



RAS 



CAS 



Address 



WB/WE 



\ 



*ASR 



tRC 



tRAS 



tRCD 



tCSH 



\ 



*RAH 



. tWBS 



®i 



tASC 



tRSH 



tCAS 



'4 



tRP 



/ 



tCRP 



tWBH 



wi/ioirD«n yy^ 

W4/I04LDOUI 



twos 



|twp 



>^, 



^twcs^ 



Mask 
Data 



Ids 



tCAH 



^Z-W77>&Z ^////////////////. 



t[)H » 



. /////////////. 



W777V L °» - W///////////, 



Hi-Z 



* QE : Donl care 

* Y////X : Donl care 
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HM514410 Series 



• Delayed Write Cycle (3) 



RAS 



CAS 



^ 



tASR 



Address 



WB.WE 



K 



tRC 



tRAS 



tcSH 



tRCD 



tASC 



\ 



tRAH 



Row 



>OK 



tRSH 



tCAS 



tCAH ^ 



tWBH tRCS 

«« — »» 



tWBS 



tcWL 



tRWL 

«* ► 



/ 



,\. «* ,\ 



tCRP 



s=- w//////////////////. 



tWDS 



W1/I01 



W4/I04 



tWDH 



■* >0<2> 



l DZO 



tDZC 

«* *■ 



tDS 



tOOD 



twp 

«* *- 



* xn//////////////, 



Dout 



tDH 



era<^^ 



toEH 



*OFF2 



oe V///////A. S V//////////////, 



* Y////\ '• Dor),x care 
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HM514410 Series 



Read-Modify-Write Cycle (4) 



RAS 



CAS 



\ 



tASR 



Address 



WB.WE 



tRWC 



tRCD 



■ L tCRP^ 



tRAD 



\ 



tRAH 



twBS t W 



tASC 



tWDS 



Wl/.01 r Din ^S^S^ 



W4/I04 



tRCS 
twBH "* 



/ 



JML_ 



tWDH ^tpzc^ 



Dout 



« tcA " > 
tCWD 



■3=r w///////////7Z707, 



tAWD 



Hi-Z 



OE 



V///////////A . X 



^AC l DS^ 



tOACp**. 
tDZO 



<g 



= ^/MM 



tcWL , 



< T RWl 



fa »■ 



tOFF2 
If"! 



■^r- w//////////. 



tOEH 




* X////X. Don't c 



• RAS Only Refresh Cycle (5) 



RAS 



\ 



tCRP 



oas ^^r 



Address /VV/ ^e 
W1/I01 Dout 



tASR 



tRC 



tRAS 



3f 



Jrp 



tRtfe 




^tpRP 



tRAH 



Row 



• W///////////////Z7Z77, 



Hi-Z 



W4/I04 



**OE,WE :Dontcare 

* W//X :Don1care 

** REFRESH ADDRESS: A0-A9 

(AX0-AX9) 
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HM514410 Series 



• Hidden Refresh Cycle (6) 



RAS 



CAS 



tASR 



tRC 



tRAS 



(Read) 



tRCD 



tRAD 



tRAH 



tRCS 



WB/WE </^/^ 



tRAC 



K 



tRP 



tRC 



. tRSH 



tRAS 



jA S ^ (Refresh) ^ ^ 



tRP 



tRC 



tCAS 



(Refresh) 



tCHR 



- tASC 
tRAL 



W1/I01 rDOUt 

I 

W4/I04 



L Din ^> 



tpzc 



"tCAH 



tRP 



y 



^^Z^t ^//////////////////////////A ^><7, 



tAA^ 



tpzo. 



OH V//////M. 



tcAC 



<. 



-*- tRCH 
tRRH 



*^ 



Dout 



^FFg. 



tOAC 



Hi-Z 



Z 

tOFFl 



> 



JCDD 



J°™~ 



5^ 



#77777?. 



•1 Y////X : Don't 



care 

0067-9 



• CAS Before RAS Refresh Cycle (7) 



■ ^ ^p ^ tRAS 



tcSR^ 



CAS 



Address 



CPN 

•* *■ 



tRC 



Jem 



y r^— \ vl 



tRPC 



JL 



tcPN 



5, 



tRC 



tRAS 



tCHR 



tcSR 



tRP 



tCRP 



\ 



y 



7 /////////////////////////////////////KX. 



W1/101 Dout y///b - 

W4/I04 



OFF1 



Hi-Z 



• Y////X : Don't care 
" WE : V| H 
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HM514410 Series 

• Fast Page Mode Read Cycle (8) 



tRASC 



RAS 



\ 



CAS 



tASR 



Address 



tcsH 



hi tRCD » | 



tRAH 



Row 



tRAD , 



tASC, 



)m 



tcp 



tCAS tcAS tcAS 



tCAH 



tRCS 



mm '////////// 



W1/I01 



W4/I04 



°«7zzm 



Dout 



OE 



tozc. 



Col. 



tpc 

r<- — ► 



N tRHCP ^ 



/ tRp S. 



tASC 



*rch 



^ 



tCDD, 



tODD 
JCAC 



tRAC 



Hi-Z 



J^^ 



tcp 



tCAH 



IRCS t R cs I 




tDZO , » ^ZO 

^ W7777) 



Use 



tRCH, 



tDZC 
tCDD, 



tAA, 



tCAC 



tACP 



tOFFl 



tOFFf* 



W 



Hi-Z 




tOAC 



tRSH 



tRAL 



tCAH 



tCRP 



ymzML 



tDZC 



|CAC 
tAA w 



tACP 



tpzo 
Hi-Z 



^JODD 
JOFF2 



X77777h . X 



tRCH 



H tRRH 
H tCDD 



tODD 



< 



Valid 
Output 



tOAC 



tOFFl 



> 



tOFF2 



* Y///A : Don! care 
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HM514410 Series 



• Fast Page Mode Early Write Cycle (9) 



RAS V 



CAS 



tASR 



tRASC 



tCSH 



tRCD 



tRAH t A SC 



tWBSl 



WB.WE 



2% 



tCAS 



tpc 



tcp ^. ^ tcp ^ 

tCAS 



tCAH tASC 



Address b j *™ } &> $ Co'- ^ 5/^ 



twos" 



tWBH JWCSI J 



W b C^' 'O' 

tCAH tCAH 



twCH twCS 




tDH 



W1/'01rDin )fi}^a®(3^C3^^ 
d/irwiLr 



tps 



tASC 



.tRSH. 






tpRP ^ 



twcs 



twCH 



-IStt 



&fe. 



tns 



)^^ 



twCH 



./ZV7ZV, 



tDH 



W4/l04 L Dout 



Hi-Z 



* OE : Don't care 

* \////a : Don't care 



• Fast Page Delayed Write Cycle (10) 



RAS 



CAS 



Address 



WB/WE 



tASR 



K 



tRASC 



tCSH 



tRCD 



tRAH 



Row 



K 



tASC, 



tWBS 
tWBH 






JtCAS^ 



lW^W 



Column 



twos 



W1/I01 

I 

W4/I04 
OE 



Din 



W% j0Hs_j^K M7W/, 



twDH 

tos^ 



^om 



tCWL 



tCP^ 



tASC^ 



}<m 



tpc 



tCAS. 



Column 



twp 



tDH 



Din 



tps, 



tCWL , 



tASC 




tRSH ^ 
« tCAS » 



y^v 



tCAH 

•* — *1 



/ 



tRp ^ 

tCRP. 



=>^^ 



twp 



, tpH , 



Din 



tDS, 



tCWL 



tRWL 



■ & 

^_JWP_J 
^ tDH ^, 




Din 



tOEH 



YZZMi 



Dout 



HhZ 



W//// 



^ 



Donl care 
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HM514410 Series 

• Fast Page Mode Read-Modify-Write Cycle (11) 



tRP 



RAS 



CAS 



tASR 1 ' 



Address 



tRASC 



tRAO 



tRAH 




tASC 



tWBS 



WB/WE 



W1/I01 



W4/I04 



Dout 



Din 



tecs 



tCAH 



yew 



4 



■ tWDH 



tpCM 



JO 

tACP 



tCP 



tASCH 



, uwd i n 

iCWL tepw 



tRAC 



tCAC 



< tAA ] 
tOAC 



tDZO 



- 7Mm ^' 



{ Dout )• 



tOFF2 



tRWD t RCS, 

* tW p -n- 

— y O/ 

tos 



tDH tQZC 



^s^ 



t0EH 



/ 



WW////////////, 



tCAC 



tDZO 



tODD 



"tOAC 



tAWD 



tcWD 



tos 



tAA 

tOFF2 



<x 



^s> 



*2^_/ 



tcWL 



tDH 



twp 



\^ /777m 



Din 



)^ 



tOEH 

-* *> 



tDZO 



tODD 



^2k 



.um 



: Don't care 



• Test Mode Cycle 





*3 
set cycle 


Test mode cycle 




Reset 
Cycle *1*3 


Normal 
mode 


RAS * 




« 






CAS ~v 






\y\ 


WB/WE /X 


////// 


! / 


^//// 

















*1 CBRorR AS only refresh 

# 2 K///A : Dont care 

*3 Address, Din, OE : Donl care 
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HM514410 Series 



• Test Mode Set Cycle (1) 



RAS 



CAS 



tRP 

h* - ► 



/ — >: 



Jrpc t tj 

l CSR 

** ** 



/E\ 



m^WZZMh. 



tws 



tRC 



tRAS 



/ 



tRP 



tCHR , 

7 W 

JWH _ trpN . 



tCPN ^ 



RPC 



V 



^-tcRP 



////////////////////////, 



/ 



^. v//////////////////////////////////////////, 



W1/I01 Vwi '///////^ 



Hi-Z 



W4/I04 



NoteM X///A : Don't care 



• Test Mode Reset Cycle (2) 



RAS 



CAS 



^_JRP ^ 



K tRAS ■ , tRAS ^ ^ 



tRPC t T 

tCSR 

«* — *• 



_y|Sx 



WB,WE2^^ 



tws , 



tRC 



JCHR*. 



twH, 



JdX 



tCPN 



tRPC 
^JCSR^ 



tws^ 



W////// / 




tRC 



tCHR 



J^ 



7 



*iSBL^ 



W///////// 



Address 



« tQFF1 » 
W1/I01 Dout Y/////T t 



m////////////////////////////////////777777 / 



z 



Hi-Z 



Note*1 V///A : Don't care 



W4/I04 
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HM514410 Series 

• RAS Only Refresh Cycle 



tRC 



RAS 



A 



CAS V//////// A^ 



. ^RP. 



l ASR 



A- 



tRAS 



y — \ 

tRp 



w 



• l CRP 



^- '/////////M rsr^ tf////////////////////////,. 



W1/I01 Dout 



W4/I04 



Hi-Z 



Note *1 Refresh Address A0-A9 (AXO-AX9) 
*2 X///A : Don't care 



• CAS Before RAS Refresh Counter Check Cycle, (READ) 



RAS 



CAS 






x 



r^\ 



tASC^ 



* 7ZMMZZZMZ2A 

tWS I twH l RCS 



mm mvm 



tRP 



tCAH 



w 



W,« r D h '////////////////A 



W4/I04 



Dout 



l DZC 



tRAC 



Jahr 



s=r w///////////. 



tRRH 



l COH 



tCAC 
tAA 



Hi-Z 



Hi-Z 



OE 



V////////////////M 



— !°«U 



< 



Dout 



tRCH 



-CDD 






t0FF1 



tOFF2 



tROH 



tQEP 



> 



- !°BS^ 



T^?^ 



HITACHI 

404 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM514410 Series 



• CAS Before RAS Refresh Counter Check Cycle, (WRITE) 



RAS 



CAS 



Ai 



Din 

Dout 
OE 



v 



tcSR 



\ 



/ 



tCHR tcPT 



tASC^ 



v/////////////////7 7»: 

twS II twH IWCS 



hk 



IDS 



tRSH 



IRP 



tCAS 



\ 

p 



tCAH 



■s=r- W/////////m 



twCH 



tDH 



W///////////////,. 



'//////////////////ML - V 77777 //////////, 



Hi-Z 



w//////////////// ■»■- ///////////////////, 



1 E2Z2 :D«rt 



care 
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HM514410A Series 

1,048,576- Word x 4-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514410A is a CMOS dynamic RAM organized 1,048,576-word x 
4-bit. HM514400A has realized higher density, higher performance and various func- 
tions by employing 0.8 jam CMOS process technology and some new CMOS circuit 
design technologies. The HM514410A offers Fast Page Mode as a high speed ac- 
cess mode. 

Multiplexed address input permits the HM514410A to be packaged in standard 
350 mil 20-pin plastic SOJ, standard 300 mil 20-pin plastic SOJ, standard 400 mil 
20-pin plastic ZIP, 20-pin plastic TSOP I, 20-pin plastic TSOP I reverse type, 20-pin 
plastic TSOP II, and 20-pin plastic TSOP II reverse type. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 

• Low Power Dissipation 

Active Mode 

Standby Mode 

• Fast Page Mode Capability 

• 1 ,024 Refresh Cycles 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• Test Function 

• Write per Bit Capability 

■ ORDERING INFORMATION 



Preliminary 



.60 ns/70 ns/80 ns/100 ns (max) 



.577.5 mW/550 mW/495 mW/440 mW (max) 
11 mW (max) 



.(16 ms) 



Part No. 


Access Time 


Package 


HM514410AJ-6 


60 ns 


350 mil 20-pin 


HM514410AJ-7 


70 ns 


Plastic SOJ 


HM514410AJ-8 


80 ns 


(CP-20DA) 


HM514410AJ-10 


100 ns 




HM514410AS-6 


60 ns 


300 mil 20-pin 


HM514410AS-7 


70 ns 


Plastic SOJ 


HM514410AS-8 


80 ns 


(CP-20D) 


HM514410AS-10 


100 ns 




HM514410AZ-6 


60 ns 


400 mil 20-pin 


HM514410AZ-7 


70 ns 


Plastic ZIP 


HM514410AZ-8 


80 ns 


(ZP-20) 


HM514410AZ-10 


100 ns 




HM514410AT-6 


60 ns 


20-pin 


HM514410AT-7 


70 ns 


Plastic TSOP I 


HM514410AT-8 


80 ns 


(TFP-20DA) 


HM514410AT-10 


100 ns 




HM514410AR-6 


60 ns 


20-pin 


HM514410AR-7 


70 ns 


Plastic TSOP I 


HM514410AR-8 


80 ns 


Reverse Type 


HM514410AR-10 


100 ns 


(TFP-20DAR) 


HM514410ATT-6 


60 ns 


20-pin 


HM514410ATT-7 


70 ns 


Plastic TSOP II 


HM514410ATT-8 


80 ns 


(TTP-20D) 


HM514410ATT-10 


100 ns 




HM514410ARR-6 


60 ns 


20-pin 


HM514410ARR-7 


70 ns 


Plastic TSOP II 


HM514410ARR-8 


80 ns 


Reverse Type 


HM514410ARR-10 


100 ns 


(TTP-20DR) 



HM514410AJ Series 




(CP-20DA) 



HM514410AS Series 




(CP-20D) 



HM514410AZ Series 




(ZP-20) 



HM514410AT Series 




(TFP-20DA) 



HM514410AR Series 




(TFP-20DAR) 



HM514410ATT Series 




(TTP-20D) 



HM514410ARR Series 




(TTP-20DR) 
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HM514410A Series 



PIN OUT 



HM514410AJ Series 




HM514410AS Series 




Hitachi 


Pin No. JEOEC Pin No. 




/ 


1 — ^J/~i~\ 




wi/ioi (j^ 


1 26 


jo] v » 




W2/I02 [ 2 


2 25 


19 W4/I04 




wi/wl [3 


3 24 


18) W3/I03 




RAS [~4 


4 23 


77] CAS 




a$ [_r 


S 22 


16|Q6 




AO (T_ 


9 18 


l7| A8 




Al |_7_ 


10 17 


3 A7 




A2 [7_ 


11 16 


]7]a« 




A3 LL. 


12 15 


77] AS 




v cc \7o_ 


13 14 


11 1 A4 


0149-1 








(Top View) 





HM514410AT Series 




(Top View) 



HM514410ATT Series 



Wl/IOl 1 c 

W2/I02 2 C 

WB/WE 3C 

RAS 4C 

A9 5 C 



AO 6C 

Al 7 C 

A2 8C 

A3 9C 

v C c 10 c 



=5 20 V SS 
D19 W4/I04 
318 W3/I03 
D17 CAS 
U16 OE 



D15 A8 
D14 A7 
H13 A6 
312 A5 
Ull A4 



(Top View) 



HM514410AZ Series 



I OE 

3 W3/I03 

5 V ss 

7 W2/I02 

9 RAS 

II AO 
13 A2 
15 V CC 
17 A5 
19 A7 



CAS 


2 




W4/I04 


4 




W1/I01 


6 




WB/WE 


8 




A9 


10 




A1 


12 




A3 


14 




A4 


16 




A6 


18 




A8 


20 





(Bottom View) 



HM514410AR Series 



_RAS 

WB/WE 

W2/I02 

Wl/IOl 

v ss 

W4/I04 

W3/I03 

CAS 

OE 



O 



o 



(Top View) 





HM514410ARR Series 


v S s 20 c 

W4/I04 19 c 

W3/I03 18 C 

CAS 17 C 

OE 16 C 





U 1 Wl/IOl 
U 2 W2/I02 
3 3 WE/WB 
3 4 RAS 

3 5 A9 


A8 15 C 
A7 14 C 
A6 13 C 
A5 12 C 
A4 11 C 




3 6 AO 
D 7 Al 
3 8 A2 
D 9 A3 

=Jio v cc 






0149-6 


(Top View) 



PIN DESCRIPTION 



Pin Name 


Function 


Ao-AlO 


Address Input 


A0-A9 


Refresh Address Input 


Wl/IOi- 


W4/I0 4 


Data-in/Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WB/WE 


Read/Write Enable 


OE 


Output Enable 


v C c 


Power ( + 5V) 


Vss 


Ground 
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HM514410A Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V§§ 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vg§ 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


w 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


Topr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low 


(I/O Pin) 


VlL 


-1.0 


— 


0.8 


V 


1 


Voltage 


(Others) 


VlL 


-2.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgs- 

• DC Electrical Characteristics (T A = to +70°C, Vcc = 5V ±10%, Vss = 0V) 



Parameter 


Symbol 


HM514410A-6 


HM514410A-7 


HM514410A-8 


HM514410A-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Operating 
Current 


Icci 


- 


110 


- 


100 


- 


90 


- 


80 


mA 


RAS, CAS Cycling 
t RC = Min 


1,2 


Standby Current 


ICC2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH , 
D out = High-Z 




- 


1 


- 


1 


- 


• 


- 


' 


mA 


CMOS Interface RAS, 
CAS > V C c ~ 0.2V, 
D out = High-Z 




RAS Only 
Refresh Current 


!CC3 


- 


110 


- 


100 


- 


90 


- 


80 


mA 


tRC = Min 


2 


Standby 
Current 


!CC5 


- 


5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH , 
CAS = V IL , 
D out = Enable 


1 


CAS Before 
RAS Refresh 
Current 


!CC6 


- 


110 


- 


100 


- 


90 


- 


80 


mA 


t RC = Min 




Fast Page 
Mode Current 


J CC7 


- 


110 


- 


100 


- 


90 


- 


80 


mA 


tpc = Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


jxA 


0V < V in < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


uA 


0V < V out < 7V, 
D out = Disable 




Output High 
Voltage 


VOH 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


High I out = - 5 mA 




Output Low 
Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 





Notes: 1. Ice depends 

2. Address can 

3. Address can 



on output load condition when the device is selected, Ice max * s specified at the output open condition, 
be changed < 1 time while RAS = Vjl- 
be changed < 1 time while CAS = Vih- 
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HM514410A Series 



• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Cn 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


Q/o 


— 


10 


pF 


1,2 



Notes: 



1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = V IH to disable D out . 



• AC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 1 - 14 > 15 > 16 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM514410A-6 


HM514410A-7 


HM514410A-8 


HM514410A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or 
Write Cycle Time 


*RC 


110 


- 


130 


- 


150 


- 


180 


- 


ns 




RAS Precharge 
Time 


tRP 


40 


- 


50 


- 


60 


- 


70 


- 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


15 


10000 


20 


10000 


20 


10000 


25 


10000 


ns 




Row Address 
Setup Time 


*ASR 





- 





- 





- 





- 


ns 




Row Address 
Hold Time 


*RAH 


10 


- 


10 


- 


10 


- 


15 


- 


ns 




Column Address 
Setup Time 


tASC 





- 





- 





- 





- 


ns 




Column Address 
Hold Time 


tCAH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




RAS to CAS 
Delay Time 


tRCD 


20 


45 


20 


50 


20 


60 


25 


75 


ns 


8 


RAS to Column 
Address Delay 
Time 


tRAD 


15 


30 


15 


35 


15 


40 


20 


55 


ns 


9 


RAS Hold Time 


tRSH 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


tCSH 


60 


— 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS Pre- 
charge Time 


tCRP 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




OE to D in 
Delay Time 


tODD 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




OE Delay Time 
from D| n 


tDZO 





- 





- 





- 





- 


ns 




CAS Setup Time 
from Dj n 


*DZC 





- 





- 





- 





- 


ns 




Transition Time 
(Rise to Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


— 


16 


ms 
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HM514410A Series 
Read Cycle 



Parameter 


Symbol 


HM514410A-6 


HM514410A-7 


HM514410A-8 


HM514410A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time 
from RAS 


tRAC 


- 


60 


- 


70 


- 


80 


- 


100 


ns 


2,3, 
17 


Access Time 
from CAS 


tCAC 


- 


15 


- 


20 


- 


20 


- 


25 


ns 


3,4, 
13,17 


Access Time 
from Address 


tAA 


- 


30 


- 


35 


- 


40 


- 


45 


ns 


3,5, 
13,17 


Access Time 
from OE 


tOAC 


- 


15 


- 


20 


- 


20 


- 


25 


ns 


3,17 


Read Command 
Setup Time 


tRCS 





- 





- 





- 





- 


ns 




Read Command Hold 
Time to CAS 


tRCH 





- 





- 





- 





- 


ns 


20 


Read Command Hold 
Time to RAS 


tRRH 





- 





- 





- 





- 


ns 


20 


Column Address to 
RAS Lead Time 


tRAL 


30 


- 


35 


- 


40 


- 


55 


- 


ns 




Output Buffer 
Turn-off Time 


tOFFl 





15 





20 





20 





25 


ns 


6 


Output Buffer 
Turn-off to OE 


tOFF2 





15 





20 





20 





25 


ns 


6 


CAS to D in 
Delay Time 


tCDD 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




Write Cycle 


Parameter 


Symbol - 


HM514410A-6 


HM514410A-7 


HM514410A-8 


HM514410A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command 
Setup Time 


twcs 





- 





- 





- 





- 


ns 


10 


Write Command 
Hold Time 


twCH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




Write Command 
Pulse Width 


*WP 


10 


- 


10 


- 


10 


- 


20 


- 


ns 




Write Command to 
RAS Lead Time 


tRWL 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




Write Command to 
CAS Lead Time 


*CWL 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 


11 


Read-Modify-Write Cycle 


Parameter 


Symbol 


HM514410A-6 


HM514410A-7 


HM514410A-8 


HM514410A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write 
Cycle Time 


*RWC 


150 


- 


180 


- 


200 


- 


245 


- 


ns 




RAS to WE 
Delay Time 


tRWD 


80 


- 


95 


- 


105 


- 


135 


- 


ns 


10 


CAS to WE 
Delay Time 


tcWD 


35 


- 


45 


- 


45 


- 


60 


- 


ns 


10 


Column Address to 
WE Delay Time 


tAWD 


50 


- 


60 


- 


65 


- 


80 


- 


ns 


10 


OE Hold Time 
from WE 


tQEH 


15 


- 


20 


- 


20 


- 


25 


- 


ns 
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HM514410A Series 



Refresh Cycle 
























Parameter 


Symbol 


HM514410A-6 


HM514410A-7 


HM514410A-8 


HM514410A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 
(CAS Before RAS 
Refresh) Cycle 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS Before RAS 
Refresh) Cycle 


*CHR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to 
CAS Hold Time 


tRPC 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Precharge to 
Time in Normal Mode 


tCPN 


10 


- 


10 


- 


10 


- 


10 


- 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HM514410A-6 


HM514410A-7 


HM514410A-8 


HM514410A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode 
Cycle Time 


tpc 


40 


- 


45 


- 


50 


- 


55 


- 


ns 




Fast Page Mode CAS 
Precharge Time 


tcp 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Fast Page Mode 
RAS Pulse Width 


tRASC 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


ns 


12 


Access Time from 
CAS Precharge 


*ACP 


- 


35 


- 


40 


- 


45 


- 


50 


ns 


3, 13, 17 


RAS Hold Time from 
CAS Precharge 


tRHCP 


35 


- 


40 


- 


45 


- 


50 


- 


ns 




Fast Page Mode Read- 
Modify- Write Cycle 
CAS Precharge to 
WE Delay Time 


*CPW 


55 


- 


65 


- 


70 


- 


85 


- 


ns 




Fast Page Mode 
Read-Modify- Write 
Cycle Time 


tpCM 


80 


- 


95 


- 


100 


- 


110 


- 


ns 






Test Mode Cycle 






















Parameter 


Symbol 


HM514410A-6 


HM514410A-7 


HM514410A-8 


HM514410A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Test Mode WE 
Setup Time 


tws 





- 





- 





- 





- 


ns 




Test Mode WE 
Hold Time 


tWH 


10 


- 


10 


- 


10 


- 


10 


- 


ns 





Counter Test Cycle 






















Parameter 


Symbol 


HM514410A-6 


HM514410A-7 


HM514410A-8 


HM514410A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Precharge 
Time in Counter 
Test Cycle 


tCPT 


40 


- 


40 


- 


40 


- 


50 


- 


ns 
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HM514410A Series 
Write Per Bitis, 19 



Parameter 


Symbol 


HM514410A-6 


HM514410A-7 


HM514410A-8 


HM514410A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Write per Bit 
Setup Time 


tWBS 





- 





- 





- 





- 


ns 




Write per Bit 
Hold Time 


*WBH 


10 


- 


10 


- 


10 


- 


15 


- 


ns 




Write per Bit 
Selection 
Setup Time 


*WDS 





- 





- 





- 





- 


ns 




Write per Bit 
Selection 
Hold Time 


tWDS 


10 


- 


10 


- 


10 


- 


15 


- 


ns 





Notes: 1. 

2. 

3. 
4. 
5. 
6. 



20. 



AC measurements assume tj = 5 ns. 

Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL loads and 100 pF. 
Assumes that tRCD ^ t RC D ( max ) and *RAD ^ tRAD (max). 
Assumes that tRCD ^ *rcd (max) and tRAD ^ tRAD (max). 

toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vm and Vjl. 

Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD i s greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 
Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 
twcs» tRWD> tcwD> tAWD an d tcpw are not restrictive operating parameters. They are included in the data sheet as electri- 
cal characteristics only: if twcs - twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tRwo > tRwo (min), tcwD ^ tcwD (min) and tAWD ^ tAWD 
(min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the 
above sets of conditions is satisfied, the condition of the data out (at access time) is indet erminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 
tRASC defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of tAA or tcAC or tACP- 

An initial pause of 100 jixs is required after power up followed by a minimum of eight initialization cycle s (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 

cycles is required. 

In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

Test mode operation specified in this data sh eet is 2-bit t est fu nction controlled by control address bits — CA0. This test 

mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 

will be performed by normal read cycles or by WCBR refresh cycles. When the state of two test bits accord each other, the 

condition of the output data is high level. When the state of te st bits do not accord, t he co ndition of th e output data is low 

level. In order to end this test mode operation, perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

In a test mode read cycle, the value of tRAO tAA> tcAO toAC an d tACP is delayed for 2 ns to 5 ns for the specified value. 

These parameters should be specified in test mode cycles by addi ng the above value to the specified value in this data sheet. 

When using the write per bit capability, WB/WE must be low as RAS falls. 

The data bits to which the write operation is a pplied can be specified by keeping Wl/IOi, W2/IO2, W3/IO3, and W4/IO4 

high with setup and hold time referenced to the RAS negative transition. 

Either tRCH or tRRH shall be satisfied. 
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HM514410A Series 



■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS 



Address 



WB/WE 



W1/I01 

I — Dout 



W4/I04 



OE 



"\ 



*ASR 




tRC 



X 



.r 



tRAS 



/ 



t RCD 



"\ 



*RAD 



t RAH t AS c 

^ —* 



Row 




*RCS 



tRSH 



tCAS 



kSH 



X 



tRAL 



A 



J 



i l CAH . 



Column 



High-Z 



tRAC 




< tDZC » l 



< ^ ► 



tAA 



tOAC 

< ► 



High-Z 



*DZO 




< 



tRP 



kRP 



V 




tRCH 




*OFF1 



Dout 



> 



t OFF2 



kDD 



tQDD 





: Don't care 
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HM514410A Series 
• Early Write Cycle 



RAS 



"\ 



CAS 



t^ 



Address 




tRC 



tRAS 



T 



*RCD 



kSH 



\ 



Row 



twBS 



1 

WB/WE 




*RAH 




tASC 



*RSH 



/" t RP 



*CAS 



4 kAH ► 



Column 



twBH t WC s 




twDH 




1 



twCH 



"tOH 



Din 



L -Oout- 
W4/I04 



High-Z 



kRP 



-L 






: Don't care 



OE : Don't care 
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HM514410A Series 



> Delayed Write Cycle 



RAS 



\. 



CAS 



*ASR» 



Address 




1 



tRC 



*RAS 



f 



*CSH 



*RCD 



S. 



Use — ► 



*RAH 



Row 



twBS 

► 



WB/WE 






twBH 



X 



WB/WE 



W1/I01 

I — Din 



twos- 




.7& 



tRCS 




«4— ► 



twDH 



ask" 

ata 




tpza 



1 — Dout 
W4/I04 



< tpZC ► 



OE 




*RSH 



*CAS 



"L 



kAH 



kwt 



tRWL 



Column 



tDS, 



tQDD 



*RP 

4 ► 



*crp 



*DH 



Din 



*OEH 

^ ► 



Invalid 
Dout 



id-r 
** / 



tQFF2 



T 



: Don't care 



\ 







Invalid Dout comes out, when OE is low level. 
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HM514410A Series 



• Read-Modify-Write Cycle 



RAS 



\ 



CAS 



Address 



*RWC 



/ \ 



*RCD 



twBS 



WB/WE 



— My- 



twDS- 



W1/I01 

i — Din 




"twBH 




tRWD 



tRAC 



Mask- 
Data 



twDH 




^>OUt- 
W4/I04 



High-Z 



t DZC 




kWD 



tAWO 



*AA 



High-Z 



OE 




t AC T T 

I ► 



*CAC 



tDS 



./ J. 



Dout^ 



t RWl 



tRP 



kRP 




^u 



Din 



t OFF2 




*OEH 



tODD 



_r 



'W/ 




: Don't care 
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HM514410A Series 



• RAS Only Refresh Cycle 



RAS 



CAS 



\ 



*CRP „""7*" 




Address 




tRC 



tRAS 



T 



tRP 



tRPC 



kRP 




*RAH 
USR 



.r 



Row 




W1/I01 



Dout- 



High-Z 



W4/I04 



* OE,WE : Don't care 



^ : Don't care 



*** Refresh address : AO - A9 (AXO - AX9) 



• CAS Before RAS Refresh Cycle 



RAS 



t RP 



*RPC 



*CPN 



_r 



CAS 



Address 



f^v 



tRC 



\ 



< tRAS > 



"\_ 



/" 



^ 



a. i 



kPN 

■4 



tRP 

■< — ► 



1. 



tgP^ 



.c 



">. 



4st 



\ 



tRC 



\ 



4 tRAS > 



^RP 
-« — ► 



/ \ 



tCHR 



/ 



JCRP 




tOFF1 

W1/I01 * ► 




High-Z 



%&• 



: Don't care 



** WE_ :V, H 

*** OE : Don't care 
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HM514410A Series 

• Hidden Refresh Cycle 




m 



: Don't care 
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HM514410A Series 



1 Fast Page Mode Read Cycle 



1L 



RAS 



t T — * 



CAS 



*ASR 



Address 



"\L 



t RASC 



*CSH 



tRCD 



">L 



\ 



*RAD 



*RAH 



— m 

WB/WE 




*DZC 



tRAC 



*CAS 



-d 

* 



tCDD 
► 



High-Z 



*ODD 
— ^ 



tfAC, 

*AA „ 



-Dout- 



W4/I04 



t OA,C 



OE 



"\ 



tpc 



tCP 



■\ 



^ 



, l CAS , 



t DZC 




tACP 



tOFF1 

k 



<>outJ 



*OFF2 



«-> 



*CDD 



High-Z 



fe 



*CAC 



*AA 



.r 



tDZO 




tOFF1 



Dout 



<> 




tRHCP 



1 



tCP 



i. 



\ 



A 



tRAL, 



kAS 



■*dzc 



High-Z 



tRP 



ifCRJ. 



7 



^JCA^ 



*AA 



t ACP 



-*DZO 



tQDD 




tCDD 




tQDD 



tOFFI 

< 



.c 



^"Dout ^-> 



<-> 



tQFF2 



tOAC 



: Don't care 
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HM514410A Series 



• Fast Page Mode Early Write Cycle 



RAS 



"\ 



t T — ► 



CAS 



Address \ 



Usr 



"l_ 



tRASC 



kSH 



*RCP 






Row 



twBS 



WB/WE 




tRAH 

Use 




^CAS 



tpc 



tCP 



t 



J\ 



\_J 



^W 



Col. 



*WBH 



W1/I01 twDS 

"Din 



i. 



Jf 



twes 




twDH 

< 



lask' 
XOata 




.toi 



:>. 



JT 



l^fc 




*CAS 



*CP 



\ 



^Ay 



Col. 



4> 



twCH twCS 



Din 



Jf 




JAS^ 



^SH H 

^ *CAS , 



"V. 



7 



+^ 



I. 



*CRP 



*CAH 



Col. 



*WCS V 



twCH 




JWCH 



Dout 



High-2 



W4/I04 



OE 



: Don't care 
: Don't care 
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HM514410A Series 



• Fast Page Delayed Cycle 



"X 



RAS 



\ 



CAS 



Address ; 



USR 



*RASC 



f 

J" 



kSH 



< ^^ 



^. 



\. 



Use 
— ►- 



Row 



twBS 



WB/WE 



*RAH 



t CAS 



r\ 



*CAH 



twDS 

W1/I01 — ► 



-^Mask 
~" Din /%. Data 



tpc 



tCP 



Use 



^JCAS_^ 



"^ 7" 



A "\ 



-Dout " 
W4/I04 



OE 



tCAH 



tCP, 



Use 



kwt 



< tRSH > 



kAS 



~\_ 



tfA^ 



*RP 



I 



, *crp . 



tOEH, 



High-Z 



: Don't care 
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HM514410A Series 

• Fast Page Mode Read-Modify Write Cycle 



*RP 



i- 



RAS 



CAS 



USR 



Address 



tRASC 



J 



< tRCD » 



tRAD 
A ► 

tRAH 



Row 



twBS 



WB/WE %]\ 



+=±. 



twBK 



tWDS 



W1/I01 



twOH 



tRCS 




-\ 



r 



J- 



kAH 



Mask' 
Data 






Dout 
W4/I04 



tDZO 



tDZC 



tpCM 



tCP 

^ ► 



\ 



tACP 




tAWD 



4 kwD 



tRWD 



tAA 



tRAC 



f^ 



High-Z 



kAC 



(DoutJ- 



tQFF2 



tDS 



kwi 



\ 



t W p 



tRCS 




J?" 



tCAH 



Column 



t D H ^zc 



Din 




tOEH 
M ^ 



^AA^ 
tDZO 



£S 



High-Z 



tQDD 




< tcRP » 




-C 




tAWD k 



kwp. 



kpw w 



tDS 



tCAC 



Dout^ 



"t_T 



t<DFF2 
► 



-r 



X 



tcWL 

twp 




tDH 



Din 




tOEH 



High-Z 



tozo 



-tQDD 




: Don't care 
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HM514410A Series 



• Test Mode Cycle 



RAS 



CAS 



WB/WE 




Set Cycle*** 

M 1 ► 




Test Mode Cycle 









Reset Cycle ^ 




V 




Normal Mode 




CBRor RAS only refresh 
: Don't care 



Address, Din, OE : Don't care 



• Test Mode Set Cycle 



.r 



RAS 



CAS 



tRP 



"^ 



\. 



JRPC\ 



] A tC "% 



\ 



< tCSR > 



< tW5 > 



tRC 



tRAS 



I 



< tCHR > 



<-^U 



*CPN 



*RP 



t RPC J1 



./ 



.r 




^tcRP^ 




Address 



tOFFJ 




High-Z 



W4/I04 



^ : Don't care 
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HM514410A Series 

• CAS Before RAS Refresh Cycle 



S 



RAS 



CAS 



tRP 



"\ 



tppj. 



, l CPN , 



\ 



tT 



TL 




Address 



Dout z 



t0FF1 



W1/I01 

I 

W4/I04 




,tws. 



tRC 



"L 



tRAS 



f 



A 



/ 



tCPN 



tRP 



tfP^ 



-C 



*CSR 



r 



\ 



twH fc 



tw$ ^ 




tRC 



< ^— > 



tCHR 



tRP 



/ 



kRP 



4 twH ► 



High-Z 



: Don't care 





1 RAS Only Refresh Cycle 



RAS 



CAS 



Address 

Dout 
W1/I01 

I 

W4/I04 



"\ 



^CRP^ 





t A SR 4 



tRC 



tRAS 



.r 



/ 



tRP 



tRPC 



kRP 




tRAI 



Row 




High-Z 



* Refresh Address AO - A9 (AXO ~ AX9) 
: Don't care 
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HM514410A Series 



• CAS Before RAS Refresh Counter Check Cycle (Read) 



RAS 



CAS 



Address 



WB/WE 



-Dout 
W4/I04 



OE 



\ 



, kSR , 



J- 



r 



< kHR > 



< tCPT > 



.c 



I \. 



Use 






tozc 




High-Z 



^_tRSH ^ 



tCAS 



*CAH 



^RP 






Column 



\ 



*CRP 




tRRH 



High-Z 



*DZR 

A ► 



V&t 




*CAC 




< kDD •» 



^toFF^ 



_r 



Dout 



"V_ 



toEP 



tQFFZ^ 



^JODD^ 




: Don't care 
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HM514410A Series 



> CAS Before RAS Refresh Counter Check Cycle (Write) 



"X- 



RAS 



V 



CAS 



\ 



Address '• 



WB/WE 



W4/I04 



• Dout 



, kSR 



4 tCHR » 



4 tCPT » 



1 > 



Use 



4~t T 



\ 



< 55SH „ 



t CAS 



^_J5£ ^ 



/ \ 



"L 



*CAH 




>S. 



4— !2S ► 



Din 



High-Z 



J 



L^tCRp 



JT 






: Don't care 



HITACHI 

426 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM514800 Series 

524,288-Word x 8-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514800 are CMOS dynamic RAM organized as 524,288-word x 
8-bit. HM514800 have realized higher density, higher performance and various func- 
tions by employing 0.8 jum CMOS process technology and some new CMOS circuit 
design technologies. The HM514800 offer Fast Page Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514800 to be packaged in standard 
400 mil 28-pin plastic SOJ, standard 400 mil 28-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 70 ns/80 ns/1 00 ns (max) 

• Low Power Dissipation 

Active Mode 605 mW/550 mW/495 mW (max) 

Standby Mode 11 mW (max) 

• Fast Page Mode Capability 

• 1 ,024 Refresh Cycles (16 ms) 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 



Preliminary 



ORDERING INFORMATION 



PIN DESCRIPTION 



HM514800JP Series 




(CP-28D) 



HM514800ZP Series 




PIN OUT 



Part No. 


Access Time 


Package 


HM514800JP-7 
HM514800JP-8 
HM514800JP-10 


70 ns 
80 ns 
100 ns 


400 mil 28-pin 
Plastic SOJ 
(CP-28D) 


HM514800ZP-7 
HM514800ZP-8 
HM514800ZP-10 


70 ns 
80 ns 
100 ns 


400 mil 28-pin 
Plastic ZIP 
(ZP-28) 



Pin Name 


Function 


A -A 9 


Address Input 
— Row Address A0-A9 
— Column Address Ao- Ag 
— Refresh Address A0-A9 


I/O0-I/O7 


Data-in/Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


OE 


Output Enable 


v C c 


Power ( + 5V) 


v S s 


Ground 



HM514800JP 
TZ7 



Series 



VccC 1 

I/O0 C 2 

1/01 C 3 

I/02C 4 

I/03C 5 

NCC 6 

WEC 7 

RASC 8 

A9C 9 

A0E 10 

A1C 11 

A2C 12 

A3C 13 

VccC u 



17 



28 UV SS 
27 Ul/07 
26 Ul/06 
25 Ul/05 
24 Hl/04 
23 3CAS 
22 HOE 
21 DNC 
20 UA8 
19 UA7 
18 HA6 



]A5 



16 HA4 
15 UV SS 



(Top View) 



(ZP-28) 




HM514800ZP Series 











CAS 
1/05 
1/07 


2 
4 
6 
8 
10 
12 
U 
16 
18 
20 
22 
24 
26 
28 








= 


Vcc 

1/01 
1/03 










WE 






A9 
A1 




= 


A3 






A5 




A7 








NC 









3 1/04 

5 1/06 

I v ss 

9 1/00 

II I/02 
13 NC 
15 RAS 
17 A0 
19 A2 
21 V cc 
23 A4 
25 A6 
27 A8 



(Bottom View) 



Preliminary: This document contains information on a new product. Specifications and information contained herein are subject 
to change without notice. 
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HM514800 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V§s 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§s 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


w 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


Topr 


to + 70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



I ELECTRICAL CHARACTERISTICS 

1 Recommended DC Operating Conditions 0a = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low 


(I/O Pin) 


Vil 


-1.0 


— 


0.8 


V 


1 


Voltage 


(Others) 


Vil 


-2.0 


— 


0.8 


V 


1 



Notes: 1. All voltage referenced to Vgs- 

• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±10%, 



V SS = 0V) 



Parameter 


Symbol 


HM5 14800-7 


HM5 14800-8 


HM514800-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


!CC1 


- 


110 


- 


100 


- 


90 


mA 


RAS, CAS Cycling 
tRC = Min 


1,2 


Standby Current 


*CC2 


- 


2 


~ 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH , 
D out = High-Z 




- 


1 


- 


1 


- 


1 


mA 


CMOS Interface, RAS, 
CAS > V cc - 0.2V, 
D out = High-Z 




RAS Only Refresh Current 


!CC3 


— 


110 


— 


100 


— 


90 


mA 


t RC = Min 


2 


Standby Current 


!CC5 


- 


5 


- 


5 


- 


5 


mA 


RAS = Vm, 
CAS = V IL , 

D out = Enable 


1 


CAS Before RAS Refresh 
Current 


!CC6 


- 


110 


- 


100 


- 


90 


mA 


t RC = Min 




Fast Page Mode Current 


J CC7 


— 


110 


— 


100 


— 


90 


mA 


tpc = Min 


1,3 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V ln < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


jiaA 


0V < V out < 7V, 
D out = Disable 




Output High Voltage 


VOH 


2.4 


Vcc 


2.4 


v C c 


2.4 


Vcc 


V 


High I out = - 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


LowI ou t = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, 

2. Address can be changed once or less while RAS = Vil- 

3. Address can be changed once or less while CAS = Vm- 



Ice max * s specified at the output open condition. 
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HM514800 Series 



• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


C12 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


c i/o 


- 


10 


pF 


1,2 



Notes: 1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 

• AC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V)L 14, 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM5 14800-7 


HM5 14800-8 


HM514800-10 






Note 


Min 


Max 


Min 


Max 


Min 


Max 




Random Read or Write Cycle Time 


tRC 


130 


— 


150 


— 


180 


— 


ns 




RAS Precharge Time 


*RP 


50 


— 


60 


— 


70 


— 


ns 




RAS Pulse Width 


tRAS 


70 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


20 


10000 


20 


10000 


25 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


15 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


50 


20 


60 


25 


75 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


35 


15 


40 


20 


55 


ns 


9 


RAS Hold Time 


tRSH 


20 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


tCSH 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 




OE to D in Delay Time 


tODD 


20 


— 


20 


— 


25 


— 


ns 




OE Delay Time from Dj n 


tozo 





— 





— 





— 


ns 




CAS Setup Time from Di n 


*DZC 





— 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


ms 




Read Cycle 


Parameter 


Symbol 


HM5 14800-7 


HM5 14800-8 


HM514800-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


70 


— 


80 


— 


100 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


20 


— 


20 


— 


25 


ns 


3, 4, 13 


Access Time from Address 


Ua 


— 


35 


— 


40 


— 


45 


ns 


3, 5, 13 


Access Time from OE 


k)AC 


— 


20 


— 


20 


— 


25 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 





— 





— 





— 


ns 




Column Address to RAS Lead Time 


tRAL 


35 


— 


40 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tOFFl 





15 





15 





20 


ns 


6 


Output Buffer Turn-off to OE 


tOFF2 





15 





15 





20 


ns 


6 


CAS to D in Delay Time 


tCDD 


15 


— 


15 


— 


20 


— 


ns 
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HM514800 Series 
Write Cycle 



Parameter 


Symbol 


HM5 14800-7 


HM5 14800-8 


HM514800-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


*WCH 


15 


— 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


twp 


10 


— 


10 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


20 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


- 


15 


- 


20 


— 


ns 


11 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM5 14800-7 


HM5 14800-8 


HM514800-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


180 


— 


200 


— 


245 


— 


ns 




RAS to WE Delay Time 


tRWD 


95 


— 


105 


— 


135 


— 


ns 


10 


CAS to WE Delay Time 


tcWD 


45 


— 


45 


— 


60 


— 


ns 


10 


Column Address to WE Delay Time 


UWD 


60 


— 


65 


— 


80 


— 


ns 


10,13 


OE to Hold Time from WE 


t()EH 


20 


— 


20 


— 


25 


— 


ns 





Refresh Cycle 




















Parameter 


Symbol 


HM5 14800-7 


HM514800-8 


HM5 14800- 10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 




CAS Precharge Time in Normal Mode 


tCPN 


10 


— 


10 


— 


10 


— 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HM5 14800-7 


HM514800-8 


HM514800-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


45 


— 


50 


— 


55 


— 


ns 




Fast Page Mode CAS Precharge Time 


*CP 


10 


— 


10 


— 


10 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


ns 


12 


Access Time from CAS Precharge 


tACP 


— 


40 


— 


45 


— 


50 


ns 


3,13 


RAS Hold Time from CAS Precharge 


tRHCP 


40 


— 


45 


— 


50 


— 


ns 




Fast Page Mode Read-Modify- 
Write Cycle CAS Precharge 
to WE Delay Time 


tcpw 


65 


~ 


70 


- 


85 


- 


ns 




Fast Page Mode Read-Modify- 
Write Cycle Time 


tpCM 


95 


- 


100 


- 


110 


- 


ns 





Counter Test Cycle 




















Parameter 


Symbol 


HM5 14800-7 


HM5 14800-8 


HM514800-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Precharge Time in 
Counter Test Cycle 


*CPT 


50 


- 


50 


- 


50 


- 


ns 
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HM514800 Series 



Notes: 1. AC measurements assume tj = 5 ns. 

2. Assumes that tRCD - tRCD (max) and tRAD ^ *RAD (max). If tRCD or tRAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 

4. Assumes that tRco ^ *rcd (max) and tRAD ^ tRAD (max). 

5. Assumes that tRCD ^ *rcd (max) and tRAD - tRAD (max). 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vth and Vjl- 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. t\ycs> *RWD> tcWD an d tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if t\ycs - twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD - tRWD (min), tcwD ^ tcWD (min), tAWD - tAWD (min) and 
tcPW ^ tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditio ns is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP- 

14. An initial pause of 1 00 fxs is required after power up followed by a minimum of eight initialization cycle s (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

16. Either tRCH or Trrh must be satisfied for a read cycle. 




HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 43 1 



HM514800 Series 



■ TIMING WAVEFORMS 
• Read Cycle 



Address 




* V77X 
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HM514800 Series 



• Early Write Cycle 



Address 




^out 



High-Z 



UZ\ = \ 



** OE = Don't Care 

0077-4 
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HM514800 Series 

• Delayed Write Cycle 



RAS 



X 



CAS 



Address 



_t RC~ 



-t RAS" 



"^CD" 



\ 



_t RAH" 



"out 







_t CSH"" 



_t CAH~ 



"*CWL 



FA_ 



/ 



— *RP" 
_t CRP 



Column 




*DZO " 



"W" 




*DS"H 



-#-t wp -». 



\ 




^^H" 




* VTft - Don,t Care 

** Invalid D out comes out, when OE is low level. 
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HM514800 Series 



• Read-Modify-Write Cycle 
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HM514800 Series 

• RAS Only Refresh Cycle 



RAS 



CAS 



Address 



^out 



\ / \ 




*CRP 

* *■ 




"^RC" 



_t RAS" 



_t RP~ 



Wc 



_t RAH" 



Row 



High-Z 




*CRP 




* OE,WE = Don't Care 
** VZ\ = Don,t Care 
*** Refresh address: AO - A9 (AXO - AX9) 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 



_t RP" 



-**CPN* 



!m» 



~*RC~ 



-t RAS" 



_t RP~ 



J \_JCX__/~A 



!m> 



Address 



^out 



j r VXl 



"• — *CPN~ 



_t RAS"~^ 



_t RC 

"* — *RP" 



_t CHR- 



/ 



"*"*CRP 




* E551 = Don 't Care 



WE = V, H 
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HM514800 Series 



• Hidden Refresh Cycle 



Address 




*T77A 



Don't Care 
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HM514800 Series 



• Fast Page Mode Read Cycle 



RAS 




CAS 



^ASR-*- 



Address 



-t RASC" 



-t CSH" 



" *RCD" 



\J r ~\J^k 



*RAH 

«• *> 



_t RAD" 



Row 



- 7a 

WE 



u out 



OE 



^sc-^ 





-t RCS~ 



"-tcAS-* 



*CAH 

<* •» 



Column 



-tpc" 



-t CP *" 



*ASC-*- 




*RCH-*» 




^CDD-*- 



^CS- 



"•"^AS"** 



** *CP 



*CAH 

+ ». 



Column 



_t RHCP~ 



,r~v 



^sc-*- 




*RCH- 



^DD-** 



*QAC 




*RCS-^ 



J™u 



*CAS 



w 



*CAH 



Column 




-*RP- 



/ 




*CRF^ 



*RRH 



^CH-^ 



^CDD-*- 




*E2 = 
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HM514800 Series 



• Fast Page Mode Early Write Cycle 



RAS 



CAS 



\ 



Address 



-t RASC" 



" *RCD" 



"^SH" 



*RAH 



^OUt 




_t CAS~ 



-kp~ 



-Vc- 



Column 



*WCS 




■*~^DS— "^ toH 





"•"tcAS - ** 



*ASC *CAH *ASC *CAH Use *CAH 



Column 



Vcs 




^-^OS-^ ^h 





hH 



r\ 



_t RSH~" 
■*CP— H K^AS"^ h — W" 



Column 



Vcs"*" 




Din 



l*^ JbK 




High-Z 




^WCH . 




Din 




* OE = Don't Care 

**EZ3 = Dont Care 
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HM514800 Series 



• Fast Page Mode Delayed Write Cycle 



RAS 



CAS 



\ 



Address 



_i RASC" 



"^CD* 



"*CSH" 



*RAH 




_t CAS' 



_t CAH 

< — ►» 



Column 




tRCS^ 



-<cp- 




K^tcwL 



"*~*CAS~** 






*CAH 



Column 




. *RCS 



^-^p-*- 



m 





-**H*CWL 

««-t W p-». 



"^SH - *" 



K-W-H 



aa 



Aah 



**-<CRp-** 



Column 



*DS 



>»S 



-^"M^H 



*rcs 



-*-t wp -+* 



*DS 




\ 




^RWL^ 



*CWL 




Din 



*DH 





High-Z 



r^^EH"** 




1 Y7P\ - Don,t Care 
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HM514800 Series 



• Fast Page Mode Read-Modify-Write Cycle 



RAS 



~\ 



W 



CAS 



Address 






" Wc " 



"•"^CD - *" 



Md. 



Wh-H h- 
*asc 



WE 



»f 



u out 



OE 



- "~ t cp-*' 



tea 



" *PCM" 



Column 



*DZO-^ 



^m 



**CP* 



\ — £X-^Ts — f 



*CAH 



"VWD 



dp 

High-Z 



*DS-H 
*CAC 



2± 



■^AC-*- 
_*OAC 



*CWL 




"* UWD-HL-*. "* *AWD-^ 



wf 



JOH^ *DZC 



Din 



L AWD 

-«— *CWD-*- *CWL 
^PW-H 

*wp. 



<bs-H 

■^-^AC 



High 



^V 



JsiiU. 



-•-^2 



^DZO 
*OAC 



$H& 



r — %u r — my 



-^DD 






*CAH 



WP nCS 

\3r 



!dh 



tec 



JOEH^ 



-H -*-*0FF2 



*DZO-^ 



-*CPW-»- 



Hgh, 



tos-*- 



^AC 



*CAC 



-^DD 






4 WP 




toEH 



-♦-toFFZ 



-^^DD 



' V77\ 



2 



£ 



2 



2 
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HM514800 Series 

• CAS Before RAS Refresh Counter Check Cycle (Read) 



RAS 



CAS 



X 



X 



"^SR" 



Address 



u out 



"^CHR" 



** *CPT~ 



71 tA«;r V 




High-Z 



"^SH" 



_t CAH" 



"%- 






Column 




"*RRH" 



^^CH - ** 



High-Z 



*CAC 



*DZO Wc 




i 




*V7A-- 



Don't Care 
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HM514800 Series 



• CAS Before RAS Refresh Counter Check Cycle (Write) 



Address 



y out 




Hfgh-Z 




*E3 



= Don't Care 
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HM514800L Series 



Low Power Version 



Preliminary 



524,288-Word x 8-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514800 are CMOS dynamic RAM organized as 524,288-word x 
8-bit. HM514800 have realized higher density, higher performance and various func- 
tions by employing 0.8 jutm CMOS process technology and some new CMOS circuit 
design technologies. The HM514800 offer Fast Page Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514800 to be packaged in standard 
400 mil 28-pin plastic SOJ, standard 400 mil 28-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 

• Low Power Dissipation 

Active Mode 

Standby Mode 

• Fast Page Mode Capability 

• 1 ,024 Refresh Cycles 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• Battery Back-up Operation 

■ ORDERING INFORMATION 



.70 ns/80 ns/100 ns (max) 



.605 mW/550 mW/495 mW (max) 
11 mW (max) 



.(128 ms) 





HM514800LJP Series 






^s sP^^ 






(CP-28D) 


3DCP28D 




HM514800LZP Series 




^ 








(ZP-28) 


3DZP28 



PIN OUT 



Part No. 


Access Time 


Package 


HM514800LJP-7 
HM514800LJP-8 
HM514800LJP-10 


70 ns 
80 ns 
100 ns 


400 mil 28-pin 
Plastic SOJ 
(CP-28D) 


HM514800LZP-7 
HM514800LZP-8 
HM514800LZP-10 


70 ns 
80 ns 
100 ns 


400 mil 28-pin 
Plastic ZIP 
(ZP-28) 


■ PIN DESCRIPTION 


Pin Name 


Function 


A -A 9 


Address Input 
— Row Address A0-A9 
— Column Address Ao-As 
—Refresh Address A0-A9 


I/O0-I/O7 


Data-in/Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


OE 


Output Enable 


v C c 


Power ( + 5V) 


v S s 


Ground 



HM514800LJP Series 
TIT 



VccC 1 
1/00 C 2 

1/01 C 3 

1/02 C 4 

1/03 C. 5 

NCC 6 

WEC 7 

RASE 8 

A9C 9 

AOC 10 

Aid 11 

A2C 12 

A3C 13 

V CC C 14 



19 



28HV SS 

27 Ul/07 

26 3 1/06 

25 I] 1/05 

24 Ul/04 

23 13 CAS 

22 HOE 

21 UNC 

20 UA8 

) I]A7 

J UA6 

T UA5 

5 UA4 



v ss 



(Top View) 



HM514800LZP Series 




(Bottom View) 
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HM514800L Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V^s 


v T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vgs 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


Topr 


to + 70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low 


(I/O Pin) 


Vil 


-1.0 


— 


0.8 


V 


1 


Voltage 


(Others) 


Vil 


-2.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to V§s- 

• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 




Parameter 


Symbol 


HM5 14800-7 


HM5 14800-8 


HM514800-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


!CC1 


- 


110 


- 


100 


- 


90 


mA 


RAS, CAS Cycling 
t RC = Min 


1,2 


Standby Current 


!CC2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH , 
D out = High-Z 




- 


200 


- 


200 


- 


200 


jaA 


CMOS Interface RAS, 
CAS > V cc - 0.2V, 
D out = High-Z 




RAS Only Refresh Current 


!CC3 


— 


110 


— 


100 


— 


90 


mA 


t RC = Min 


2 


Standby Current 


!CC5 


- 


5 


- 


5 


- 


5 


mA 


RAS = Vih, 
CAS - V IL , 
D out = Enable 


1 


CAS Before RAS Refresh 
Current 


!CC6 


- 


110 


- 


100 


- 


90 


mA 


t RC = Min 




Fast Page Mode Current 


!CC7 


— 


110 


— 


100 


— 


90 


mA 


tpc = Min 


1,3 


Battery Back-up 
Current 
(Standby with 
CBR Refresh) 


Jccio 


- 


300 


- 


300 


- 


300 


wA 


Standby: CMOS Interface 
D out = High-Z 
CBR Refresh: t RC = 125 jas 
tRAS ^ 1 f*s, CAS = V IL 
WE = V ffl 


4 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


jaA 


0V < V in < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V out < 7V, 
D out = Disable 




Output High Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


Vcc 


V 


High I out = - 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


Lowl out = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice max ls specified at the output open condition. 

2. Address can be changed once or less while RAS = Vil- 

3. Address can be changed once or less while CAS = Vjh- 
4- Vffl > V CC ~ 0.2V, Vil * 0.2V. 
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HM514800L Series 



• Capacitance (T A = 25°C, V C c = 5V +10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


C12 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


Cl/O 


— 


10 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 

• AC Characteristics (T A = o to +70°C, V C c = 5V ±10%, V S s = 0V) 1 > 14 > 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM5 14800-7 


HM5 14800-8 


HM514800-10 






Note 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Random Read or Write Cycle Time 


tRC 


130 


— 


150 


— 


180 


— 


ns 




RAS Precharge Time 


tRP 


50 


— 


60 


— 


70 


— 


ns 




RAS Pulse Width 


tRAS 


70 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


20 


10000 


20 


10000 


25 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


15 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


50 


20 


60 


25 


75 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


35 


15 


40 


20 


55 


ns 


9 


RAS Hold Time 


tRSH 


20 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


tcSH 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


*CRP 


10 


— 


10 


— 


10 


— 


ns 




OE to Dj n Delay Time 


k)DD 


20 


— 


20 


— 


25 


— 


ns 




OE Delay Time from Di n 


tDZO 





— 





— 





— 


ns 




CAS Setup Time from Di n 


*DZC 





— 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


128 


— 


128 


— 


125 


ms 




Read Cycle 


Parameter 


Symbol 


HM5 14800-7 


HM5 14800-8 


HM514800-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


70 


— 


80 


— 


100 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


20 


— 


20 


— 


25 


ns 


3,4,13 


Access Time from Address 


*AA 


— 


35 


— 


40 


— 


45 


ns 


3, 5, 13 


Access Time from OE 


tOAC 


— 


20 


— 


20 


— 


25 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 





— 





— 





— 


ns 




Column Address to RAS Lead Time 


tRAL 


35 


— 


40 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tOFFl 





15 





15 





20 


ns 


6 


Output Buffer Turn-off to OE 


tOFF2 





15 





15 





20 


ns 


6 


CAS to D in Delay Time 


tCDD 


15 


— 


15 


— 


20 


— 


ns 
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HM514800L Series 



Write Cycle 



Parameter 


Symbol 


HM5 14800-7 


HM5 14800-8 


HM514800-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


*WCH 


15 


— 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


*WP 


10 


— 


10 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


tCWL 


20 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


15 


— 


20 


- 


ns 


11 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM5 14800-7 


HM5 14800-8 


HM5148O0-1O 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


180 


— 


200 


— 


245 


— 


ns 




RAS to WE Delay Time 


tRWD 


95 


— 


105 


— 


135 


— 


ns 


10 


CAS to WE Delay Time 


*CWD 


45 


— 


45 


— 


60 


— 


ns 


10 


Column Address to WE Delay Time 


UWD 


60 


— 


65 


— 


80 


— 


ns 


10,13 


OE Hold Time from WE 


k)EH 


20 


— 


20 


— 


25 


— 


ns 





Fast Page Mode Cycle 




Refresh Cycle 




















Parameter 


Symbol 


HM5 14800-7 


HM5 14800-8 


HM514800-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 




CAS Precharge Time in Normal Mode 


tCPN 


10 


— 


10 


— 


10 


— 


ns 





Parameter 


Symbol 


HM5 14800-7 


HM5 14800-8 


HM514800-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


45 


— 


50 


— 


55 


— 


ns 




Fast Page Mode CAS Precharge Time 


*CP 


10 


— 


10 


— 


10 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


ns 


12 


Access Time from CAS Precharge 


tACP 


— 


40 


— 


45 


— 


50 


ns 


3,13 


RAS Hold Time from CAS Precharge 


tRHCP 


40 


— 


45 


— 


50 


— 


ns 




Fast Page Mode Read-Modify- 
Write Cycle CAS Precharge 
to WE Delay Time 


*CPW 


65 


- 


70 


- 


85 


- 


ns 




Fast Page Mode Read-Modify- 
Write Cycle Time 


tpCM 


95 


- 


100 


- 


110 


- 


ns 





Counter Test Cycle 




















Parameter 


Symbol 


HM5 14800-7 


HM514800-8 


HM514800-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Precharge Time in 
Counter Test Cycle 


tCPT 


50 


- 


50 


- 


50 


- 


ns 





HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



447 



HM514800L Series 



Notes: 1. AC measurements assume tx = 5 ns. 

2. Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max). If tRCD or tRAD i s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 

4. Assumes that tRCD ^ tRCD (max) and tRAD ^ *RAD (max). 

5. Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max). 

6. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vjjj (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vil- 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD i s greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. t\ycs> tRWD> tcwD anc * tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if t\ycs - t\ycs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD ^ tRWD (min), tcwD - tcwD (min), tAWD - tAWD (min) and 
tcPW ^ tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-w rite c ycle. 

12. tRASc defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP- 

14. An initial pause of 100 jus is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

16. Either tRCH or Trrh must be satisfied for a read cycle. 
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HM514800L Series 



I TIMING WAVEFORMS 
1 Read Cycle 



RAS 



x 



Address 



~~ X RSH~ 
*CAS 



Jt \. 




Y//\ = Don't Care 
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HM514800L Series 
• Early Write Cycle 



RAS 



\ 



Address 



J out 



High-Z 



'JT\ 




- Don't Care 
OE = Don't Care 

0074-4 
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HM514800L Series 



• Delayed Write Cycle 



RAS 



X 



CAS 



Address 



\ 



-'out 




~~ X RSH~ 
*CAS 



*CWL 



r^ 



/ 



X RP " 
"trpp *" 



Column 






* Y/A ~ Don>t Care 

** Invalid D Qut comes out, when OE is low level. 
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HM514800L Series 

• Read-Modify-Write Cycle 



Address 
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HM514800L Series 



• RAS Only Refresh Cycle 



Address 



'out 




High-Z 



* OE.WE = Don't Care 
** \f//\ = Don't Care 
*** Refresh address: AO - A9 (AXO - AX9) 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 



£SR 



l RC 
l RAS~~ "I ** *RP - 



J \_JC\_-/~~\ 



_f\_JEX 



X RC 

u ras — n r — *rp~ 



/ 



Address 



'out 




High-Z 



\//y\ = Don't Care 



** WE = V,l 
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HM514800L Series 



> Hidden Refresh Cycle 



Address 




" V7A - Don,t Care 
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HM514800L Series 



• Fast Page Mode Read Cycle 



RAS 




CAS 



*ASR -*• 



Address 



"tpr.n *" 



XJ^J^K 



Row 



WE 



•'out 



OE 





— tcAS"* 




Use-*- 




^CH-* U- 




*CDD-»- 



H?gh-Z 



*ODD-*- 



\ 



*RCS-»- 




r~^ 



*ASC-*- 




*RCH-* 



CDD- 



DZC 
High-Z 



^ 



> 



Md 



-to 




Column 



*RCS-** 





/ 




tRCH-^ 



High-Z 



-t AA •" 



k-t n 



■^ 



> 









/ 



©— 



-*0 
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HM514800L Series 

• Fast Page Mode Early Write Cycle 



RAS 



CAS 



\ 



Address 



X CSH 

" torn H"*~ *n 



*RAH *A 



-'out 





\jr\jr^j 





*"trAc-^ 



r\ 



High-Z 




OE = Don't Care 
*V r X/l= Don't Care 
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HM514800L Series 



• Fast Page Mode Delayed Write Cycle 



RAS 



CAS 



\ 



Address 



X CSH 
"* *rpn H* *r 



-'out 





-*-Mt( 



tA^r X ASC 






CWL 
WP _ 



l R 



ds DH 



^-Ht ( 




rx 



e»s 



CWL 
WP - * 







RWL 




\ 



£a± 





High-Z 



r*~ t OEH~*" 




[22l = Don't Care 
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HM514800L Series 



• Fast Page Mode Read-Modify-Write Cycle 



RAS 



"A 



CAS 



Address 



S RAH-*- 



A 



*»T 



** — *CWD *■ 




*DZCl 



^out 



OE 



tnzo-*- 



DS-* 
CAC 



High 



■*RAC-*- 
*OAC 



$3® 



% Q O f 



Column 



V\ 



— t AWD -*- 
r*cwD— ** 



*DS-»- 
_t CAC 



High- 



r 



*-*o 



f — %u r — w 



-t 



l CWL 

*wp. 



-or 



Column 



-*0 



tnzo-*- 



-tAWD~»" 
tcWD- 
-tcPW-*" 



High 



tmm 



-t 



•CWL 
RWL 



-t 



— t 0DD 



A 



A 



A 
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HM514800L Series 



• CAS Before RAS Refresh Counter Check Cycle (Read) 



Address 




A t CPP V 



High-Z 




vz\ 



* \77a = Don't Care 
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HM514800L Series 

• CAS Before RAS Refresh Counter Check Cycle (Write) 



RAS 



Address 



J out 



\ 



x rRP 



High-Z 





V7A- 



* \77a- Don't Care 
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HM514900 Series 

524,288-Word x 9-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514900 are CMOS dynamic RAM organized as 524,288-word x 
9-bit. HM514900 have realized higher density, higher performance and various func- 
tions by employing 0.8 ju-m CMOS process technology and some new CMOS circuit 
design technologies. The HM514900 offer Fast Page Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514900 to be packaged in standard 
400 mil 28-pin plastic SOJ, standard 400 mil 28-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 70 ns/80 ns/100 ns (max) 

• Low Power Dissipation 

Active Mode 605 mW/550 mW/495 mW (max) 

Standby Mode 11 mW (max) 

• Fast Page Mode Capability 

• 1 ,024 Refresh Cycles (16 ms) 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 



Preliminary 



ORDERING INFORMATION 



HM514900JP Series 




(CP-28D) 



HM514900ZP Series 




PIN OUT 



Part No. 


Access Time 


Package 


HM514900JP-7 
HM514900JP-8 
HM514900JP-10 


70 ns 
80 ns 
100 ns 


400 mil 28-pin 
Plastic SOJ 
(CP-28D) 


HM514900ZP-7 
HM514900ZP-8 
HM514900ZP-10 


70 ns 
80 ns 
100 ns 


400 mil 28-pin 
Plastic ZIP 
(ZP-28) 


■ PIN DESCRIPTION 


Pin Name 


Function 


A -A 9 


Address Input 
— Row Address A0-A9 
— Column Address Ao-Ag 
— Refresh Address A0-A9 


I/O -I/O 8 


Data-in/Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


OE 


Output Enable 


v C c 


Power (+5V) 


v S s 


Ground 



HM514900JP Series 



VccCl 
I/O0CJ2 

i/o3G: 

1/04 C 6 

_WEC7 
RAS P3 
A9C9 
A0C10 
A1C11 
A2Q12 
A3D13 
V cc dl4 



23pV ss 

27DI/08 

iebl/07 

?5pI/05 

24DI/05 

2s5cAS 

22D0E 

2ipNC 

20pA8 

190A7 

18pA6 

17DA5 

16HA4 

i5bv ss 



(Top View) 



(ZP-28) 



HM514900ZP Series 




(Bottom View) 
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HM514900 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vgs 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vgs 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


w 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


Topr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions 0a = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low 


(I/O Pin) 


ViL 


-1.0 


— 


0.8 


V 


1 


Voltage 


(Others) 


ViL 


-2.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgs- 

• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±10%, V ss = 0V) 



Parameter 


Symbol 


HM5 14900-7 


HM5 14900-8 


HM5 14900- 10 


Unit 


Test Conditions 


Note 


Mm 


Max 


Min 


Max 


Min 


Max 


Operating Current 


tel 


- 


110 


- 


100 


- 


90 


mA 


RAS, CAS Cycling 
t R c = Min 


1,2 


Standby Current 


!CC2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH , 
D out = High-Z 




- 


• 


- 


1 


- 


1 


mA 


CMOS Interface, RAS, 
CAS > V cc - 0.2V, 
D out = High-Z 




RAS Only Refresh Current 


Icc3 


— 


110 


— 


100 


— 


90 


mA 


t RC = Min 


2 


Standby Current 


J CC5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH , 
CAS = Vil, 
D out = Enable 


1 


CAS Before RAS Refresh 
Current 


!CC6 


- 


110 


- 


100 


- 


90 


mA 


tRC = Min 




Fast Page Mode Current 


!CC7 


— 


110 


— 


100 


— 


90 


mA 


tpc — Min 


1,3 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


/aA 


0V < V in < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


uA 


0V < V out < 7V, 
D out = Disable 




Output High Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


High I out = - 5 mA 




Output Low Voltage 


Vol 





0.4 ^ 





0.4 





0.4 


V 


LowI out = 4.2 mA 





Notes: 1. Ice depends on output load condition whe n the device is selected, 

2. Address can be changed once or less while RAS = Vjl- 

3. Address can be changed once or less while CAS = Vjh- 



Ice max is specified at the output open condition. 
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HM514900 Series 



• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


C12 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


Ci/o 


— 


10 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 

• AC Characteristics (T A = to + 70°C, V C c = 5V +10%, V S s = 0V) 1 - 14 > 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM5 14900-7 


HM5 14900-8 


HM514900-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


130 


— 


150 


— 


180 


— 


ns 




RAS Precharge Time 


tRP 


50 


— 


60 


— 


70 


— 


ns 




RAS Pulse Width 


tRAS 


70 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


20 


10000 


20 


10000 


25 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


15 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


50 


20 


60 


25 


75 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


35 


15 


40 


20 


55 


ns 


9 


RAS Hold Time 


tRSH 


20 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


tCSH 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 




OE to D in Delay Time 


tODD 


20 


— 


20 


— 


25 


— 


ns 




OE Delay Time from Dj n 


*DZO 





— 





— 





— 


ns 




CAS Setup Time from D ln 


*DZC 





— 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 ^ 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


ms 





Read Cycle 




Parameter 


Symbol 


HM5 14900-7 


HM5 14900-8 


HM514900-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


70 


— 


80 


— 


100 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


20 


— 


20 


— 


25 


ns 


3, 4, 13 


Access Time from Address 


*AA 


— 


35 


— 


40 


— 


45 


ns 


3, 5, 13 


Access Time from OE 


k)AC 


— 


20 


— 


20 


— 


25 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 





— 





— 





— 


ns 




Column Address to RAS Lead Time 


tRAL 


35 


— 


40 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tOFFl 





15 





15 





20 


ns 


6 


Output Buffer Turn-off to OE 


*OFF2 





15 





15 





20 


ns 


6 


CAS to D in Delay Time 


tCDD 


15 


- 


15 


- 


20 


- 


ns 
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HM514900 Series 
Write Cycle 



Parameter 


Symbol 


HM5 14900-7 


HM5 14900-8 


HM5 14900- 10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


15 


— 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


t WP 


10 


— 


10 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


*CWL 


20 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


tDH 


15 


— 


15 


- 


20 


- 


ns 


11 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM5 14900-7 


HM5 14900-8 


HM514900-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


180 


— 


200 


— 


245 


— 


ns 




RAS to WE Delay Time 


tRWD 


95 


— 


105 


— 


135 


— 


ns 


10 


CAS to WE Delay Time 


tCWD 


45 


— 


45 


— 


60 


— 


ns 


10 


Column Address to WE Delay Time 


*AWD 


60 


— 


65 


— 


80 


— 


ns 


10,13 


OE to Hold Time from WE 


tQEH 


20 


— 


20 


— 


25 


- 


ns 





Refresh Cycle 




















Parameter 


Symbol 


HM5 14900-7 


HM5 14900-8 


HM514900-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


*CHR 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 




CAS Precharge Time in Normal Mode 


tCPN 


10 


— 


10 


— 


10 


— 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HM5 14900-7 


HM5 14900-8 


HM514900-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


45 


— 


50 


— 


55 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


10 


— 


10 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


ns 


12 


Access Time from CAS Precharge 


tACP 


— 


40 


— 


45 


— 


50 


ns 


3,13 


RAS Hold Time from CAS Precharge 


tRHCP 


40 


— 


45 


— 


50 


— 


ns 




Fast Page Mode Read-Modify- 
Write Cycle CAS Precharge 
to WE Delay Time 


*CPW 


65 


- 


70 


- 


85 


- 


ns 




Fast Page Mode Read-Modify- 
Write Cycle Time 


tpCM 


95 


- 


100 


- 


110 


- 


ns 





Counter Test Cycle 




















Parameter 


Symbol 


HM514900-7 


HM5 14900-8 


HM514900-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Precharge Time in 
Counter Test Cycle 


tcPT 


50 


- 


50 


- 


50 


- 


ns 
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HM514900 Series 



Notes: 1. AC measurements assume tx = 5 ns. 

2. Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max). If tRCD or tRAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 

4. Assumes that tRco ^ tRCD (max) and tRAD ^ tRAD (max). 

5. Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max). 

6- tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjjj and Vjl. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD i s greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. t\vcs> tRWD> tcwD anc * tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if t\ycs - twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD - tRWD (min), t^WD ^ tcwD (min), tAWD - tAWD (min) and 
tcPW ^ tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at a ccess time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASc defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP- 

14. An initial pause of 100 juls is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

16. Either tRCH or Trrh must be satisfied for a read cycle. 
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HM514900 Series 



■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS 



Address 



WE 



Dout 



Usr 
-4— > 



tRC 



"v_ 



*?>A$ 



A 



*RCD 



^RAH XaSC 

-4 —> 



f TL 




tRCS 



tRSH 



tCAS 



kSH 



tRAL 



J/1 



l^CAH. 



Column 



High-Z 



*RAC 



< <DZC , 



< ^ ► 



tAA 



i 



x OAC 

■« ► 



High-Z 



tozo 




k-(P 



\ 




tOFFI 
( ► 



Dout 



y 



tOFF2 



*CDD 




y /tfx\ : Don't care 
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HM514900 Series 



• Early Write Cycle 



CAS 



Address ;x% 



Usr 



tRC 



~\_ 



Uas 



^CD 



tCSH 



^ 



iJ^AH 



JT 






t.RP 

< ►► 



< tCAH > 



Column 



WW////'//,, 



WE 



Dm 



Dout 



'0L 



t WCS 

^ — ► 



< tDS > < IDH > 



jT 



twCH 



JT^ 



High-Z 



■P 



: Don't care 



CE : Don't care 
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HM514900 Series 



Delayed Write Cycle 



tRC 



tRAS 



X- 



A 



CAS 



*ASR» 



Address 



« ^£2 „ 



\ 



Use — ► 



Row 



J. 



*RCS 



WE 



Dm 



Wa 



tRSH 



tCAH 



< ^ ► 



tRWL 



'1 



«-^-> 



tCRP 



Column 
I 



tos w I 



kiDD 



Dout 



OE 



mem 



/ invalid^ 
\Dout*\/ 



k>FF2 




M&wmmk 
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HM514900 Series 



• Read-Modify-Write Cycle 



RAS 



CAS 



*ASR, 



Address 



r -RWC 



*RAD 



Use, 



tRWD 



tRAC 



Din Up 



Dout 



OE 



tozo 



*dzc 
^ ► 



i 




Uwd 



tAA 



High-Z 




DousV 

toAc T— i 

< ► 



*CAC 



.IT i. 



tvv? 




< " > 



Din 



\_ 



WW/?/////////,. 
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HM514900 Series 



• RAS Only Refresh Cycle 



CAS 



Address 



Dout 



W/////////M 



tRC 



^RPC 



*CRP 

« — ►* 



High-Z 



* OE,W £ : Don't care 
** y//%A '• D ° n 't care 
« ** Refresh address : AO - A9 (AXO - AX9) 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 



Address 



Dout 



tRP 



tRC 



-\ 



tRPC 



*CPN 



tRAS 






y* 



i 



t C ?N f^ 
■i — 



\ 



tcSR 



tRC 



"\ 



A 



±c~? 



I 




* y%M. : Don,t care 

** WE :V iH 
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HM514900 Series 



• Hidden Refresh Cycle 



RAS 



CAS 



*A$R 



Address > 



tRC 



tRAH 



^AS 



(Read) 



tRS J±} 
tRCD _, 



Use. 



+^-+ 



f 



, tRAC 



Dout 



Din 



OE 



, t0ZC k 



-\. 



tRC 



(Refresh) 



tRC 



(Refresh) 



tCAS 



«— tRAL 

kAH 

*i ► 



Column 



tozo 



40^ 



tCAC 



tAA 



High-Z 



Dout 



I, ^?, 



kRR 



A 



tQFF2 



tRCH 



tRRH 



WZ 



tQFFl 



> 



^ 



+±m> 



* pill • Don't care 
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HM514900 Series 

• Fast Page Mode Read Cycle 



"X 



RAS 



CAS 



t T — > 



Address 



W\ 



v_ 



JT 



*RASC 



kSH 



*?,CP 



*RAH 



Use 

— ► 



Row j V; 



jr 



WE 



Din 



Dout 



OE 



L t3 -cs 



^mmmm- 




*DZC 



~X t 



^JCAS^ 



Col. 



m 



*RCH 



tCDD 



High-Z 



tooo 

— ► 



*CAC 



tOAC 



JtDZQ 



tpc 



tCP 



Use 



tR ^L 

« — 



^ICAS^ 



tCAH 

■4 ► 



Col. 



IP 



tozc 



Uc? 



*OFF1 

4— 



Dout 



=> 



t OFF2 



tRCH 



t COD 



High-Z 



KAC 
^ ^ 



^AA 



tozo 



tRHCP 



«J2-J 



I^RS^ 



Use 



k-/ 



tR £i 
* — 



7' 



*RAL , 



tCAH 



Col. 



^OFFl 



< Dout / 



-tozc 



< — 1 -2-+ 



CAb | 
H 



a 



*RRH 



Hioh-Z 



Ua 

4 ► 

Uc? . 



-tozo 



toOD 



t OFF2 



iCRf 



^RCH 



tCDO 

«4— 



toDD 
-4 



Dout"^ 



^OAC 

A ► 




tOFFl 
« 



*OFF2 



l OAC 



: Don't care 
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HM514900 Series 



• Fast Page Mode Early Write Cycle 



RAS 



CAS 



K 



tRASC 



tr; H 



t T — K 



Address • 



^CD J^^ 



Row 



WE 



Dout 



tpc 



<-^U 



WL 



^U 



+^u 



/ 



<-^> 




*WCH *WCS 



fflL 



Din 



*0H 



i*-> 



*rsh 



^CAS 



\ /T 



A 



^tRP^ 



/ V 



tCRP 



*wcs v 



twCH 




WL 



Din 



' K_ 



*DH 



Ids 



twg^ 



K 



Din 



High-Z 



OE : Don't care 
wtffy : Don't care 
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HM514900 Series 

• Fast Page Mode Delayed Write Cycle 



RAS 



CAS 



Address ; 



tPASC 



WE 



Din 



Dout 



05 



*ODD y 



+-^-* 




<*™ + 



High-Z 



: Don't care 
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HM514900 Series 



• Fast Page Mode Read-Modify-Write Cycle 




Doui 



I 







k*?2 j 



^oo 
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HM514900 Series 

• CAS Before RAS Refresh Counter Check Cycle (Read) 



CAS 



Address 



H 



'<m. 



Dout 



T* 



1 



1 tCSr l , X CHR 



tCPT 



*^U\ 



. t WH 




High-Z 



\ 



t? .SH 



kAS 



t*P 



tCAH 



Column 



*CRP 



-^ 



High-Z 



*DZO 

^ ^ 



& 



lOAC 



tCAC 



+^V 



W 



kPD 



/» 



>( tom_ > 



Dout 



k>FF2 v 



+^-+ 



: Don't care 
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HM514900 Series 



• CAS Before RAS Refresh Counter Check Cycle (Write) 



k-*2 „ 



RAS 



CAS 



<-^-> 



T 



1_ 

i , : chr . j 



/ \ 



T 



Use 



4— t T 



Address : 



<3u 



WE 



Dout 



OE 






l CAS 



/ 



*CRP 



tCAH 



Column 



twH 



m 



tos 



[M 



tQH 



Din 



High-Z 



: Don't care 
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HM5 14260 Series 

262, 144- Word x 16-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514260 are CMOS dynamic RAM orga- 
nized as 262,144-word x 16-bit. HM514260 have realized 
higher density, higher performance and various functions by 
employing 0.8 jam CMOS process technology and some 
new CMOS circuit design technologies. The HM5 14260 offer 
Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM514260 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard 
475 mil 40-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 70 ns/80 ns/100 ns (max) 

• Low Power Dissipation 

Active Mode 935 mW/825 mW/715 mW (max) 

Standby Mode 11 mW (max) 

• Fast Page Mode Capability 

• 5 12 R efresh Cycles (8 ms) 

• 2CAS Byte Control 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 



Preliminary 



HM514260JP Series 




(CP-40D) 



HM514260ZP Series 




(ZP-40) 



ORDERING INFORMATION 



PIN OUT 



Part No. 


Access Time 


Package 


HM514260JP-7 
HM514260JP-8 
HM514260JP-10 


70 ns 
80 ns 
100 ns 


400 mil 40-pin 
Plastic SOJ 
(CP-40D) 


HM514260ZP-7 
HM514260ZP-8 
HM514260ZP-10 


70 ns 
80 ns 
100 ns 


475 mil 40-pin 
Plastic ZIP 
(ZP-40) 



PIN DESCRIPTION 



Pin Name 


Function 


Ao-A 8 


Address Input 
—Row Address Ao~Ag 
— Column Address Ao~ Ag 
— Refresh Address Ao~Ag 


I/O -I/Oi5 


Data-in/Data-out 


RAS 


Row Address Strobe 


UCAS,LCAS 


Column Address Strobe 


WE 


Read/Write Enable 


OE 


Output Enable 


Vcc 


Power ( + 5V) 


v S s 


Ground 



HM514260JP Series 



VccCJl 

i/ooq2 

I/01C13 
I/02H4 
1/03 C 5 

vccce 

1/04 CJ7 
1/05 C]8 
I/06q9 
1/07 CIO 

Ncqn 

NCdlZ 
JVEC13 
RAS d 14 
NCCJ15 
A0dl6 

Aiqn 

A2C18 
A3C19 
V cc d20 



40 3V SS 

39DI/015 

38131/014 

37UI/013 

36UI/012 

35IJV„ 

34(31/011 

33pl/010 

32 3 1/09 

31DI/08 

30DNC 

29 Z3LCA5 

28blJCAS 

27hOE 

26DA8 

25DA7 

2lbA6 

23DA5 

22DA4 

21IJV SS 



(Top View) 



HM514260ZP Series 



I/o 9 


2 




1 


I/Og 


I/On 


4 




3 


I/O10 


1/012 


6 




5 


v S s 


1/014 


8 




7 


1/013 


v S s 


10 




9 


1/015 


i/o 


12 




11 


Vcc 


I/o 2 


14 




13 


I/O! 


Vcc 


16 




15 


I/O3 


1/05 


18 




17 


I/O4 


1/07 


20 




19 


i/o 6 


NC 


22 




21 


NC 


RAS 


24 




23 


WE 


A 


26 




25 


NC 


A 2 


28 




27 


Ai 


Vcc 


30 




29 


A3 


A 4 


32 




31 


v S s 


A 6 


34 




33 


A 5 


Ag 


36 




35 


A 7 


UCAS 


38 




37 


OE 


NC 


40 




39 


LCAS 



(Bottom View) 
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HM514260 Series 



TRUTH TABLE 



Inputs 


I/O 


Operation 


RAS 


LCAS 


UCAS 


WE 


OE 


I/O0-I/O7 


I/0 8 -I/Oi5 


H 


H 


H 


H 


H 


High-Z 


High-Z 


Standby 


L 


H 


H 


H 


H 


High-Z 


High-Z 


Refresh 


L 


L 


H 


H 


L 


Dout 


High-Z 


Lower Byte Read 


L 


H 


L 


H 


L 


High-Z 


D ut 


Upper Byte Read 


L 


L 


L 


H 


L 


D out 


D ut 


Word Read 


L 


L 


H 


L 


H 


Din 


Don't Care 


Lower Byte Write 


L 


H 


L 


L 


H 


Don't Care 


D in 


Upper Byte Write 


L 


L 


L 


L 


H 


Dm 


D in 


Word Write 


L 


L 


L 


H 


H 


High-Z 


High-Z 





ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V§s 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§s 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


Topr 


to + 70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to + 70°C) 




Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low 


(I/O Pin) 


VlL 


-1.0 


— 


0.8 


V 


1 


Voltage 


(Others) 


Vil 


-2.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vss- 



• DC Electrical Characteristics (T A = to +70°C, V C c 


= 5V ±10%, V S s 


= 0V) 








Parameter 


Symbol 


HM5 14260-7 


HM5 14260-8 


HM5 14260- 10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


Jcci 


- 


170 


- 


150 


- 


130 


mA 


RAS Cycling 




LCAS or UCAS Cycling 

tRC - Min 


1,2 




ICC2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 




Standby Current 


RAS, LCAS, UCAS = V IH 

D out = High-Z 




- 


1 


- 


1 


- 


1 


mA 


CMOS Interface, RAS, 
LCAS, UCAS > V C c ~ 0.2V, 
D out = High-Z 




RAS Only Refresh Current 


!CC3 


— 


150 


— 


130 


— 


110 


mA 


t RC - Min 


2 


Standby Current 


!CC5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH , 

LCAS or UCAS = V IL , 

D out = Enable 


1 


CAS Before RAS Refresh 
Current 


!CC6 


- 


150 


- 


130 


- 


110 


mA 


t RC = Min 




Fast Page Mode Current 


!CC7 


— 


130 


— 


120 


— 


110 


mA 


tpc — Min 


1,3 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


jmA 


0V < V in < 7V 
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HM514260 Series 



• DC Electrical Characteristics (T A - to +70°C, V C c = 5V +10%, V S s = 0V) (continued) 



Parameter 


Symbol 


HM5 14260-7 


HM5 14260-8 


HM514260-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


uA 


0V < V out < 7V, 
D out = Disable 




Output High Voltage 


VOH 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


High I out = -5mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


Low I ou t ~ 4.2 mA 





Notes: 1. Ice depends on output load condition whe n the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed once or less while RAS = Vjl. 

3. Address can be changed once or less while LCAS and UCAS = Vjh- 

• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Cl2 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


Q/o 


— 


10 


pF 


1,2 



Notes: 1. Capaci tance measured with Boonton Meter or effective capacitance measuring method. 
2. LCAS and UCAS = V IH to disable D out . 

• AC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 1 - 14 > 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM5 14260-7 


HM5 14260-8 


HM514260-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


130 


— 


150 


— 


180 


— 


ns 




RAS Precharge Time 


tRP 


50 


— 


60 


— 


70 


— 


ns 




RAS Pulse Width 


tRAS 


70 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


20 


10000 


20 


10000 


25 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


15 


— 


ns 




Column Address Setup Time 


tASC 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


50 


20 


60 


25 


75 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


35 


15 


40 


20 


55 


ns 


9 


RAS Hold Time 


tRSH 


20 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


tCSH 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 




OE to D m Delay Time 


*ODD 


20 


— 


20 


— 


25 


— 


ns 




OE Delay Time from D m 


tDZO 





— 





— 





— 


ns 




CAS Setup Time from D in 


*DZC 





— 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


- 


8 


— 


8 


— 


8 


ms 
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HM514260 Series 



Read Cycle 



Parameter 






HM5 14260-7 


HM5 14260-8 


HM514260-10 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


70 


— 


80 


— 


100 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


20 


— 


20 


— 


25 


ns 


3,4,13 


Access Time from Address 


*AA 


— 


35 


— 


40 


— 


45 


ns 


3, 5, 13 


Access Time from OE 


tOAC 


— 


20 


— 


20 


— 


25 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 





— 





— 





— 


ns 




Column Address to RAS Lead Time 


tRAL 


35 


— 


40 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tOFFl 





15 





15 





20 


ns 


6 


Output Buffer Turn-off to OE 


tOFF2 





15 





15 





20 


ns 


6 


CAS to D ln Delay Time 


tCDD 


15 


— 


15 


— 


20 


— 


ns 




Write Cycle 


Parameter 


Symbol 


HM5 14260-7 


HM5 14260-8 


HM5 14260- 10 


- Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


15 


— 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


t WP 


10 


— 


10 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


tCWL 


20 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


15 


— 


20 


— 


ns 


11 


Read-Modify-Write Cycle 


Parameter 


Symbol 


HM5 14260-7 


HM5 14260-8 


HM514260-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


*RWC 


180 


— 


200 


— 


245 


— 


ns 




RAS to WE Delay Time 


tRWD 


95 


— 


105 


— 


135 


— 


ns 


10 


CAS to WE Delay Time 


tcWD 


45 


— 


45 


— 


60 


— 


ns 


10 


Column Address to WE Delay Time 


*AWD 


60 


— 


65 


— 


80 


— 


ns 


10,13 


OE to Hold Time from WE 


tOEH 


20 


— 


20 


— 


25 


— 


ns 




Refresh Cycle 


Parameter 


Symbol 


HM5 14260-7 


HM5 14260-8 


HM514260-10 




Note 


Min 


Max 


Min 


Max 


Min 


Max 


unit 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 




CAS Precharge Time in Normal Mode 


tCPN 


10 


— 


10 


— 


10 


— 


ns 
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HM514260 Series 



Fast Page Mode Cycle 



Parameter 


Symbol 


HM5 14260-7 


HM5 14260-8 


HM514260-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


45 


— 


50 


— 


55 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


10 


— 


10 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


ns 


12 


Access Time from CAS Precharge 


*ACP 


— 


40 


— 


45 


— 


50 


ns 


3,13 


RAS Hold Time from CAS Precharge 


tRHCP 


40 1 


— 


45 


— 


50 


— 


ns 




Fast Page Mode Read-Modify- 
Write Cycle CAS Precharge 
to WE Delay Time 


tCPW 


65 


- 


70 


- 


85 


- 


ns 




Fast Page Mode Read-Modify- 
Write Cycle Time 


tpCM 


95 


- 


100 


- 


110 


- 


ns 





Counter Test Cycle 




















Parameter 


Symbol 


HM5 14260-7 


HM5 14260-8 


HM514260-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Precharge Time in 
Counter Test Cycle 


tCPT 


50 


- 


50 


- 


50 


- 


ns 





Notes: 1. 

2. 

3. 
4. 
5. 
6. 



AC measurements assume tj = 5 ns. 

Assumes that tRCD ^ tRCD ( max ) ana< tRAD ^ tRAD (max). If tRCD or *RAD * s greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 

Measured with a load circuit equivalent to 2TTL loads and 100 pF. 

Assumes that tR C D ^ *r C d ( max ) and tRAD ^ tR A D (max). 

Assumes that t RCD £ t RC D (max) and t RA D ^ t RA D (max). 

toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 

Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between Vjh and Vjl. 

Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAO 

Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

t\VCS> tRWD> tcwD an d tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if t\ycs - twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 

(high impedance) throughout the entire cycle; if tRWD ^ tRWD (min), tcwD ^ tcWD (min), tAWD - *AWD (min) and 

tCPW ^ tCPW (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 

neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 

read-modify-write cycle. 

tRASC defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of tAA or tcAC or ^ACP- 

An initial pause of 100 ju-s is required after power up followed by a minimum of eight initialization cycle s (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 
In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

Either tRC H or T R RH must be satisfied for a read cycle. 

When both LCAS and UCAS go low at the same time, all 16 bits data are written into the device. LCAS or UCAS cannot 
be staggered within the same write/read cycles. 
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HM514260 Series 



■ TIMING WAVEFORMS 
• Read Cycle 



RAS 






UCAS 
ICAS 



Address 



tRC 




WE 



Dout 



Din 



OE 



tRAS 



/' 



<RCD 



"\ 



*RAD 



l RAH t ASC 

* — — H- 



Row 





tRCS 



tRSH 



l CAS 



kSH 



X 



-f 



./ 



kAH k 



Column 



High-Z 



tRAC 




*DZC 



« — ^ — ► 



*AA 



*OAC 

< ► 



High-Z 



^ZO 




< 



Up 



Vrp 



V 




tRCH 




tQFM 



Dout 



> 



t()FF2 



< kDD > 



t0DD 





* vyw/s • Don't care 
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HM514260 Series 



> Early Write Cycle 



RAS 



UCAS 
ICAS 



Address >/ 



WE 



Din 



Dout 



\ 



U 




^ 



tRC 



Jras 



*RCD 



kSH 



\ 



Row 





r -A$C 



*R$H 



L 



tRP 
A ► 



l CAS 



./ 



kRp 



X 



< ' CAH » 



Column 




twcs 




< — ► <4 — ► 




twCH 



-C 



7L 



Din 



High-Z 





Don't care 



** OE : Don't care 
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HM514260 Series 



• Delayed Write Cycle 



RA5 



\ 



UCAS 
ICAS 



USR, 



Address 




tpc 



"\_ 



*RAS 



/A 



kSH 



tRCD 



"\ 



t ASC ». 



4 ^ AH » 



_r 



*K_ 



Row 






tRCS 



WE 




M 



Din 




tozo fc 



^RSH 



tCAS 



r -CAH 



kwi 



*RWl 



Column 



l os, 



< tDZC ► 



tODD 
MP- 



Dout 



OE 




^tRP^ 



*CRP 




*dh 



Din 



"i. 



J~ 





tOEH 
^ ► 



Invalid 
Dout 



n 



*OFF2 



: Don't care 






** Invalid Dout comes out, when OE is low level. 
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HM514260 Series 

• Read-Modify-Write Cycle 



RA5 



"\ 



UCAS 
ICAS 



tASFT 



Address 



tpwc 



WE 



/ 



«>L+ 



-C 



„ ^£2 „ 



"V 



< i2A0 „ 



Use, 



Din 



Dout 



OE 



*DZO 

— ► 



I 




+ — t 

Dout). 

t AC ^ T 

4 ». 



A 



*crp 



V 




t0FF2 



tQEH 



*ODD 




: Don't care 
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HM514260 Series 



• RAS Only Refresh Cycle 



RAS 



UCAS 
LCAS 



"\ 



*crp 




Address ''A 




*RC 



*RAS 



J 



tRP 



T 



<-► 



*RPC 



kRP 

« — >i 




< ^ ► 



USR 



Row 




Dout 



High-Z 



* OE f WE : Don't care 
^ • Don't care 



*** Refresh address : AO - A8 (AXO - AX8) 



• CAS Before RAS Refresh Cycle 



RAS 



<*^-> 



*CPN 



UCAS 
LCAS 



-C 



ta 



A 



^ 



tRC 



\ 



A UAS I . 



^ 



X 



tCPN 

■« 



< tBP > 



1524. 



tRC 



r i f 

l 5 p C jCSg 



< tRAS » 



< tRP > 



kHR 



/ 



JCRP 



Address • 




4 ► 



Dout 




High-Z 



: Don't care 



WE • V|l 
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HM514260 Series 



• Hidden Refresh Cycle 



RAS 



UCAS 
LCAS 



"\ 



*ASR 



Address 



"V. 



«- ti 



^RAH 



tRC 



< ^-* 



(Read) 



/ 



j" 



RSH, 



< tRCD > 



i 



^sc^L 



;rao"? 

■4- 



Row 

t 



*RCS 



WE 




K-t 



I 



*RAC 



Dout 



Din 



OE 




tDZC, 



*RP , 



tRC 



\ 



4 tRA$ » 



(Refresh) 



TL 



*RP 



_r 



tRC 



"\ 



tCAS 



< tPA$ » 



(Refresh) 



"L 



./ 



r 



tCHR 



k— tRAL 



kAH 
< ► 



Column 




J v_ 



tpzg 




iOAC 



kAC 



tAA 



High-Z 



W/W//M 



Dout 



*RP k 



tcRP 




*RCH 



tRRH 




torn 



tOFF2 



"y 



r 



^ 



<i22<V 





Don't care 

0150-f 
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HM514260 Series 



• Fast Page Mode Read Cycle 



X 



RAS 



\ 



tT— * 



UCAS 
LCAS 



*ASR 



Address 



^asc 



kSH 



l RCD 



^!HAD — ^ 

*RAH 

Use 

— ► 



Row 



WE 



Din 



Dout 



OE 




.L 




*rcs 




kzc 



tRAC 



\ 



«^> 



*£ah 



Col. 




t RO^ 



koo 

— ► 



High-Z 



^ODD 

— H 



fe 



* tAA » 



tOAf 



"\ 



tpc 



trp 



\ 



Use 



-4 — 



_! L 



, *CAS > 



./ 



_r 



tCAH 

"« ► 



Col. 




*DZC 



1» 



toFFl 



\ Dout ^ - 



t OFF2 




t RCH 



kDD 



High-Z 



*cac 

«« ► 



*-AA 

Ucp 



.r 



tozo 



"L. 




*RHCP 






^2-^ 



\ 



_r 



tRCS 
4 — 



o 



*RSI 



*RAL 
t-CAH 



Col. 




Dout 



X 



tOFFI 



l CAS 



tRP 



^CRP. 



7 



*RRH 



kzc 





High-Z 



^CAC^ 



Ucp 



Jdzo 



tQDD 



tQFF2 




k)AC 



koo 

■4- 






k>DD 

< — 



Y. 1 

Dout 



> 



«-* 



*OFF1 

< — 



k>FF2 



^OAC 



: Don't care 
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HM514260 Series 



• Fast Page Mode Early Write Cycle 



RAS 



\ 



t T --* 



UCAS 
LCAS 



Address \ 



*ASR 

-4— ► 



kSH 



l RCD 



I 



Row 



— M 

WE 



Din 



Dout 



tRAH 
USC! 



r 

yfWl 

twes 



4^1> 



*PC 



kp 



_r 



j 



\ 



)m 



Col. 





^ieU 




Us. 



.r 



^JCAS^ 



i 



trp 

4 iL_> 



\. 



i^t 



Col. 



twCH twCS 




Dm 



JDH 




4ei-> 



^^ l WCH 




i^c 



«!«H „ 



, l CAS , 



7 



tRP 



/\ 



*crp 



J 



tcAH 



Col 



twes^ 




Din 



tDH 




i^ 




^wc^ 



^ 



Din 




High-Z 



OE : Don't care 



Don't care 




490 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM514260 Series 



• Fast Page Mode Delayed Write Cycle 



RAS 



\ 



UCAS 
LCAS 



Address ^ 



tASR 
-4— * 



^ASC 



r CSH 



/ V 



< *5£SL_* 



Use 

— ». 



*-w 



Row 



'40 X 7" 



Uah 




tfAS 
4 LAa ► 



tCAH 

« — ►< 



Col. 



WE ^ 





t*CS 



tpc 



4 — i£-> 



a j? 1 

tasc k* 




m 



\ 



Din 



_m,.r-^. 



Dout 



OE 



tODD ► 




tos 



^WP^ 



< tCAS ► 



A 



Col. 



/ 



Din 



X 



t0H 



"V 



JY 



tCAH 



t C P 

< ► 



\ 



*as<^ 




kwi 
77 



T 



\. I 



<J tRCS 

tos 




< tRSH H 



l CAS 



kAH 



Col 



^WP^ 



«*| t0H 



Din 



JT 



^Jrp^ 



, *CRP , 




T 



\ 



^J tRCS 



tos 



4> 




-4 l-i 



tv/VE 
*RWl 



kwL 



«+T° H 



Din 



4^, 



H.gh-Z 



: Don't care 
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HM514260 Series 

• Fast Page Mode Read-Modify-Write Cycle 



RAS 



~\ 



W 



UCAS 
LCAS 



"•"^CD"*" 



l ASR- 
Ad dress ' 



_t RASC~ 



A 



*RAD 



*CP 



-t PCM~ 



tt f^\ J 



RAH ~T T~ *CAH . *CAH 

;R -*J |^_ t ASC V*~+\ ^ASC. H*- 

I *CWL-H 4" 



*RCS 



WE 



zzz 



*DZC 

*-ZZZ3 



X AWD~ 
■-tcwD- 
-*RWD- 



*CAC *■*, 
High-Z 



L5WP 
I *RCS 



\# 



<- ^H 



tcWL-*" 
C AWD' 

-*— *CWD 

*CPW-»- 



*bAC-*- 



W-*" 







*DZO-^ 



^ZO-^ h »-| r *- t 0FF2 -*j |«*- t 0FF2 -*H -^-^ZO 

« 77777tt ; f^. /T^ff / 



I- 



sGZ 



Jcp^ 



■*-*CAC 

<ds-H 



\ 



High-Z 



■**-t<>AC 



-*ODD 



wh 



*RCS 



l«DH 




toEH 

<* *» 



^AH. 




*CRP 



_t cpw- 



AWD" 
■*-*CWD-»' 



//////////// 



^wl-H r*- 



High-Z 



u 



*RWL 
-*-t wp 



xmnnn. 



*DH| 



tr 



^-^AC 



*OAC 




-^ODD 



7777777 



*OEH 



-*- t 0FF2 



^Z 



-tQDD 



17771 : Don't Can 
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HM514260 Series 



• CAS Before RAS Refresh Counter Check Cycle (Read) 



RAS 



UCAS 
LCAS 



Address : 



WE 



Din 



Dout 



1- 



<±2±+ 



x_ 



-\_ 



/ 



< tCHR ► 



< tCPT » 



7 "\ 



j- 



Use 



t T 




*RCS 




*OZC 




High-Z 



< 155H „ 



kAS 



*CAH 



«— 152 ► 



1. 



r 



J 



Column 



*CRP 



High-Z 



4— ► 

Ua 



tnZO 

A ► 




%£ 



kAC 



j™* 




< tcD0 > 



< tom > 



J" 



i. 



Dout 



«-^ 



< toDD > i 




: Don't care 
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HM514260 Series 



> CAS Before RAS Refresh Counter Check Cycle (Write) 



RAS 



UCAS 
LCAS 



^kSR^ 



Address >z 



WE 



I 

Din 7/ 



Dout 



OE 



<— 52 v 



~\ 



A kHR » 



trpj 



r~\ 



Use 



« t T 




^"K 



_r 



^RSH 



l 1A$ 



A 



t-CRP 



Jf 



*CAH 



Column 




m 





t0S ^ f OH 



Din 




High-Z 



: Don't care 
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HM514170 Series 

262, 144- Word x 16-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514170 are CMOS dynamic RAM orga- 
nized as 262,144-word x 16-bit. HM514170 have realized 
higher density, higher performance and various functions by 
employing 0.8 ju,m CMOS process technology and some 
new CMOS circuit design technologies. The HM514170 offer 
Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM514170 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard 
475 mil 40-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 70 ns/80 ns/100 ns (max) 

• Low Power Dissipation 

Active Mode 770 mW/660 mW/550 mW (max) 

Standby Mode 11 mW (max) 

• Fast Page Mode Capability 

• 1,024 Refresh Cycles (16 ms) 

• 2WE Byte Control 

• 3 V ariatio ns of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

Hidden Refresh 



Preliminary 



HM514170JP Series 




(CP-40D) 



HM514170ZP Series 




(ZP-40) 



ORDERING INFORMATION 



PIN OUT 



Part No. 


Access Time 


Package 


HM514170JP-7 
HM514170JP-8 
HM514170JP-10 


70 ns 
80 ns 
100 ns 


400 mil 40-pin 
Plastic SOJ 
(CP-40D) 


HM514170ZP-7 
HM514170ZP-8 
HM514170ZP-10 


70 ns 
80 ns 
100 ns 


475 mil 40-pin 
Plastic ZIP 
(ZP-40) 


■ PIN DESCRIPTION 


Pin Name 


Function 


A0-A9 


Address Input 
— Row Address A0-A9 
— Column Address Ao~ A7 
—Refresh Address A0-A9 


i/o -i/o 15 


Data-in/Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


UWE,LWE 


Read/Write Enable 


OE 


Output Enable 


v C c 


Power ( + 5V) 


v S s 


Ground 



HM514170JP Series 



VrcCfT" 

i/ooqz 
i/oiq3 
i/ozqi 

I/03d5 

VccP6 

I/04CJ7 

1/05 d8 

i/06qg 
1/07010 
jccn 
LWEC12 

UWEC13 
RASrJH 
A9Q15 
A0Q16 
A1CJ17 
A2dl8 
A3C19 
V CC C20 



40DV SS 

39DI/015 

38DI/014 

37DI/013 

36 31/012 

35pV ss 

34 

33 

32 

31 



DI/011 
UI/010 
DI/09 
13 1/08 



30DNC 

29 PNC 

28PCAS 

27d0E 

25DA8 

25pA7 

24PA6 

23PA5 

22bA4 

2lbv 5s 



(Top View) 



HM514170ZP Series 









1 


i/o 8 


1/09 


2 


3 


I/O10 


I/Oli 


4 


5 


Vss 


1/012 


6 


7 


1/013 


I/o u 


8 


9 


1/015 


v S s 


10 


11 


Vcc 


I/Oo 


12 


13 


I/O! 


I/o 2 


14 


15 


1/03 


Vcc 


16 


17 


1/04 


1/05 


18 


19 


1/05 


1/07 


20 


21 


NC 


LWE 


22 


23 


UWE 


RAS 


24 


25 


NC 


Ao 


26 


27 


Ai 


A 2 


28 


29 


A3 


Vcc 


30 


31 


v S s 


A4 


32 


33 


A 5 


A 6 


34 


35 


A 7 


A 8 


36 


37 


OE 


CAS 


38 


39 


NC 


NC 


40 







(Bottom View) 
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HM514170 Series 
■ TRUTH TABLE 



Inputs 


I/O 


Operation 
















RAS 


LWE 


UWE 


CAS 


OE 


I/O0-I/O7 


I/0 8 -I/Oi5 




H 


H 


H 


H 


H 


High-Z 


High-Z 


Standby 


L 


H 


H 


H 


H 


High-Z 


High-Z 


Refresh 


L 


H 


H 


L 


L 


D out 


Dout 


Word Read 


L 


L 


H 


L 


H 


D in 


Don't Care 


Lower Byte Write 


L 


H 


L 


L 


H 


Don't Care 


D in 


Upper Byte Write 


L 


L 


L 


L 


H 


D in 


D in 


Word Write 


L 


H 


H 


L 


H 


High-Z 


High-Z 





ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vgs 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vgs 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


lopr 


Oto +70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v ss 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low 


(I/O Pin) 


Vil 


-1.0 


— 


0.8 


V 


1 


Voltage 


(Others) 


Vil 


-2.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgs- 

• DC Electrical Characteristics (T A = to + 70°C, V C c = 5V ±10%, V S s = 0V) 



Parameter 


Symbol 


HM5 14170-7 


HM514170-8 


HM514170-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


icci 


- 


140 


- 


120 


- 


100 


mA 


RAS Cycling 
CAS Cycling 
tRC " Min 


1,2 


Standby Current 


!CC2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH 
D out = High-Z 




- 


1 


- 


1 


- 


1 


mA 


CMOS Interface 

RAS, CAS > V cc - 0.2V, 

D out = High-Z 




RAS Only Refresh Current 


ICC3 


— 


150 


— 


130 


— 


110 


mA 


t R c = Min 


2 


Standby Current 


Jccs 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH , 
CAS = V IL , 
Dout = Enable 


1 


CAS Before RAS Refresh 
Current 


!CC6 


- 


150 


- 


130 


- 


110 


mA 


tRC = Min 




Fast Page Mode Current 


J CC7 


— 


130 


— 


120 


— 


110 


mA 


tpc = Min 


1,3 


Input Leakage Current 


III 


-10 


10 


-10 


10 


-10 


10 


JLtA 


0V < V in <, 7V 
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HM514170 Series 



• DC Electrical Characteristics (T A = to + 70°C, V C c = 


5V ±10% 


, Vss = 0V) (continued) 






Parameter 


Symbol 


HM514170-7 


HM514170-8 


HM514170-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


JLtA 


0V < V out < 7V, 
D out = Disable 




Output High Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


High I out = - 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed < 1 time while RAS = Vjl. 

3. Address can be changed < 1 time while CAS = Vth- 

• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Cn 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


Ci/o 


— 


10 


pF 


1,2 



Notes: 1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 

• AC Electrical Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 1 - 14 > 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM514170-7 


HM514170-8 


HM514170-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


130 


— 


150 


— 


180 


— 


ns 




RAS Precharge Time 


tRP 


50 


— 


60 


— 


70 


— 


ns 




RAS Pulse Width 


tRAS 


70 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


*CAS 


20 


10000 


20 


10000 


25 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


15 


— 


ns 




Column Address Setup Time 


tASC 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


50 


20 


60 


25 


75 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


35 


15 


40 


20 


55 


ns 


9 


RAS Hold Time 


*RSH 


20 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


tCSH 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


*CRP 


10 


— 


10 


— 


10 


— 


ns 




OE to D in Delay Time 


tODD 


20 


— 


20 


— 


25 


— 


ns 




OE Delay Time from Di n 


tDZO 





— 





— 





— 


ns 




CAS Setup Time from Dj n 


*DZC 





— 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


ms 
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HM514170 Series 
Read Cycle 



Parameter 






HM514170-7 


HM514170-8 


HM514170-10 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


70 


— 


80 


— 


100 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


20 


— 


20 


— 


25 


ns 


3,4,13 


Access Time from Address 


*AA 


— 


35 


— 


40 


— 


45 


ns 


3, 5, 13 


Access Time from OE 


tOAC 


— 


20 


— 


20 


— 


25 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


*RRH 





— 





— 





— 


ns 




Column Address to RAS Lead Time 


tRAL 


35 


— 


40 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tOFFl 





15 





15 





20 


ns 


6 


Output Buffer Turn-off to OE 


*OFF2 





15 





15 





20 


ns 


6 


CAS to D in Delay Time 


tCDD 


15 


— 


15 


— 


20 


— 


ns 




Write Cycle 


Parameter 


Symbol 


HM5 14170-7 


HM5 14170-8 


HM514170-10 


- Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


15 


— 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


t WP 


10 


— 


10 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


*CWL 


20 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


15 


— 


20 


— 


ns 


11 


Read-Modify-Write Cycle 


Parameter 


Symbol 


HM5 14170-7 


HM514170-8 


HM514170-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


*RWC 


180 


— 


200 


— 


245 


— 


ns 




RAS to WE Delay Time 


tRWD 


95 


— 


105 


— 


135 


— 


ns 


10 


CAS to WE Delay Time 


tcWD 


45 


— 


45 


— 


60 


— 


ns 


10 


Column Address to WE Delay Time 


*AWD 


60 


— 


65 


— 


80 


— 


ns 


10,13 


OE to Hold Time from WE 


tQEH 


20 


— 


20 


— 


25 


— 


ns 




Refresh Cycle 


Parameter 


Symbol 


HM514170-7 


HM5 14170-8 


HM514170-10 




Note 


Min 


Max 


Min 


Max 


Min 


Max 




CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 




CAS Precharge Time in Normal Mode 


tCPN 


10 


— 


10 


— 


10 


- 


ns 
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HM514170 Series 



Fast Page Mode Cycle 



Parameter 


Symbol 


HM514170-7 


HM514170-8 


HM514170-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


45 


— 


50 


— 


55 


— 


ns 




Fast Page Mode CAS Precharge Time 


tCP 


10 


— 


10 


— 


10 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


ns 


12 


Access Time from CAS Precharge 


tACP 


— 


40 


— 


45 


— 


50 


ns 


3,13 


RAS Hold Time from CAS Precharge 


tRHCP 


40 


— 


45 


— 


50 


— 


ns 




Fast Page Mode Read-Modify- Write 
Cycle CAS Precharge 
to WE Delay Time 


tCPW 


65 


- 


70 


- 


85 


- 


ns 




Fast Page Mode Read-Modify- Write 
Cycle Time 


tpCM 


95 


- 


100 


- 


110 


- 


ns 





Counter Test Cycle 




















Parameter 


Symbol 


HM514170-7 


HM514170-8 


HM514170-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Precharge Time in 
Counter Test Cycle 


tCPT 


50 


- 


50 


- 


50 


- 


ns 





Notes: 1. 
2. 

3. 
4. 
5. 
6. 



AC measurements assume tj = 5 ns. 

Assumes that tRCD - tRCD (max) and tRAD ^ tRAD (max). If tRCD or tRAD * s greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 

Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

Assumes that t RC D ^ t RCD (max) and t RAD £ tRAD (max). 

Assumes that t RCD < t RCD (max) and tRAD ^ tRAD (max). 

tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 

Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between Vjh and Vjl. 

Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD i s greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD i s greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

twcs> tRWD> tcWD an d tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if t\ycs - t\ycs (min), the cycle is an early write cycle and the data out pin will remain open circuit 

(high impedance) throughout the entire cycle; if tRWD - tRWD (min), tcwD ^ tcWD (min), tAWD ^ tAWD (min) and 

tCPW ^ tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 

neither of the above sets of conditio ns is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 

read-modify-write cycle. 

tRASC defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of tAA or tcAC or tACP- 

An initi al pau se of 1 00 juts is required after power up followed by a minimum of eight initialization cycle s (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 

cycles is required. 

In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

Either tRCH or Trrh must be satisfied for a read cycle. 

When both LWE and UWE go low at the same time, all 16-bits data are written into the device. LWE and UWE cannot be 

staggered within the same write cycles. 
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HM514170 Series 



I TIMING WAVEFORMS 
> Read Cycle 



RAS 



\ 



tT 



CAS 



USR 



Address 




tRC 



tRAS 



;■ 



tRCD 



"\ 



tqAH t AS C 
■< -H 



Row 



UWE 
LWE 




Dout 




tRCS 



tRSH 



kAS 



tc$H 



"<L 



tp/v 



.{ 



J 



kAH k 



Column 



H.gh-Z 



tRAC 



Din 




< ' DZC » 



« ^ - 



*AA 



tOAC 
<« ► 



High-Z 



*DZO 



OE 




i. 



1. 



^RP 



tCRP 



V 




tRCH 




I — ► 



Dout 



> 



*OFF2 
kDD 



tODD 





*0 



: Don't care 
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HM514170 Series 



Early Write Cycle 



RAS 



CAS 



Address 



UWE ^ 



LWE 



Din 



Dout 



"\ 




^ 



tRC 



*RAS 



tRCD 



kSH 



~\ 



j^AH '^ C 



Row 




.c 



"K 



tRSH 



/ L w > ' \ 



kAS 



"L 



4 tcAH » 



Column 






twcs 




T -os 




*WCH 



*DH 



Din 



High-Z 



kRP 



s 





: Don't care 



** OE : Don't care 
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HM514170 Series 



1 Delayed Write Cycle 



i. 



RAS 



\. 



CAS 



X ASR, 



Address 




tRC 



tRAS 



J~ 



A 



kSH 



^CD 



\ 



l ASC ► 



< UAH > 



Row 






*RCS 



UWE 
LWE 




Din 




tozcx 



^JDZC^ 



Dout 



OE 




tRSH 



kAS 



~<L 



l CAH 



kwt 



\L 



j. 



Column 



tos, 



k)DD 



tRP 



*crp 



+^u 



Invalid 
Dout 



i d :> 



*OFF2 



1- 







yyyy/X '• Don't care 

Invalid Dout comes out, when OE is low level. 
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HM514170 Series 



• Read-Modify-Write Cycle 



RAS 



"\ 



CAS 



UsR, 



Address 




tRWC 



"\_ 



"K_ 



*RCD 



"\ 



« 12*2 » 



Use, 



4 *"*" > 



Row 



K ~A-L 



l RCS 




tRWD 



tRAC 



Din 




Dout 



./ 



< tcAH » 



Column 



4 *CWP 



Uwo 



High-Z 




./ J r 

4 Dout 

t AC t T 

I ► 



tAA \ 



t-CAC 



tDS 



^CWL 




tRWl 



«-^ 



r\ 



kRP 




^DH.,. 



Din 



*OFF2 




tpEH 



*ODD 




: Don't care 
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HM514170 Series 



1 RAS Only Refresh Cycle 



RAS 



CAS 



"\ 



*CRP 




Address 



Dout 




tRC 



^RAS 



tRP 



r 7\ 

1" t C RP \ 



tRPC 




« I™ * 



USR 



Row 




High-Z 



* OE, UWE,LWE: Don't care 
• Don't care 



* ** Refresh address : AO - A9 (AXO - AX9) 



• CAS Before RAS Refresh Cycle 



RAS 



< ^ H 



-C 



>pc 



CAS 



fe 



A 



tRC 



*RAS 

4 2£2 — »> 






^ 



X. 



tcPN 



tRP 
A — ► 



k$> 



f \ 



«$£* 



tRC 



< tRAS > 



4-i2f „ 



A" 



*CHR 



f 



JCRP 



Address : 




H 



tOFFI 



Dout 




High-Z 



* ^ 



: Don't care 



UWE, LWE : V, H 
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HM514170 Series 



• Hidden Refresh Cycle 



RAS 



CAS 



"\ 



tT 



U$R 



Address 



*""" l RSH , 



tPAH 



tRC 



< ^i— 



(Read) 



J 1L 



< l9CD > 



^SC, 



*RAD ^ 



Row 



UWE 
LWE 



Dout 




u 



r T 



RCS 



tRAC 



Din 



OE 




^tozc^ 



A> 



*rc 



4 tRAS » 



(Refresh) 



tpp 



tRC 



~\ 



Vas 



< tRAS p 

(Refresh) 



x U 

1 crp 



/ 



VHR 



44— t R AL 



trAH 

■4— ► 



Column 




r 



^ 




J QAC B 



kAc 



tAA 



High-Z 



Dout 



*RP fc 



/" 



j 



tOFF2 



\ 



*RCH 



*RRH 




toFFI 



V 



koo 



^Joo^ 





: Don't care 
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HM514170 Series 



• Fast Page Mode Read Cycle 



~. 



RAS 



tr— ► 



CAS 



USR 



Address 



tRASC 



kSH 



l RCD 



T 



*RAD 



V_* 



^iCAS^ 



Dout 



t OA,C 



J m% , 



OE 



"\ 



'< ► 



tpc 



kp 



"\ 



"^ T 



, kASj 



/" "\ 



toFF2 



tozo 





tRHCP 



/ 



«-^ 



*RS' 



~\_ 



^RAL, 



_r 



kAS 



^RP 

4 «!L+. 



./ 



k>DD 



tOFF2 




: OAC 
-4 ► 



42* 



t OFF2 



tOAC 



Don't care 
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HM514170 Series 



> Fast Page Mode Early Write Cycle 



RAS 



\ 



t T — # 



CAS 



Address ^ 



Usr 



l RASC 



f <SH 



< tRCD ► 



Row 



UWE ^ 
LWE 




Din 



Dout 



*RAH 

Use 




-C 



^CAS^ 



IPC 



4 ^L-> 



jf ^ f "\ f 



tCA£ 



Col. 



twes 





< ^ » 



tf*$ 




<i^> 



kp 



tcA^ 



4^ 

Col 

t 7T 



*WCH *wcs 




Din 



*DH 




<i2i— 




<K 



.r 



«£s — H 



, *CAS , 



tRP 



/\ 



*CRP 



kAH 



Col. 



l wcs k 



twCH 




Din 



toH 




js- 



^WOH 



^V 



_r 



"K_ 



Din 



High-Z 



* OE : Don't care 
^ : Don't care 
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HM514170 Series 



• Fast Page Mode Delayed Write Cycle 



RAS 



CAS 



Address : 



Usr 



tRASC 



kSH 



/ \ 



« ^°_+ 



T 



\ 



tRAH 



Use 



4 *CAS y 



/ \ 



tcAH 



Din 



Dout 



OE 



tpc 



tCP 



Use 



*CAS 
4 — ^ A3 ► 



tQDD * 




tCAH 



t C P, 



J' 



\ 



Use 



kwt 



< tRSH » 



l CAS 



"V. 



tfAH^ 



««-i2U 



/ 



, *CRP , 



^2!!^ 



High-Z 



Don't care 
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HM514170 Series 



• Fast Page Mode Read-Modify-Write Cycle 



/f 



l OFf» 



tooo 



^QpO 



Ml 




^ifipo 
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HM514170 Series 



• CAS Before RAS Refresh Counter Check Cycle (Read) 



RAS 



CAS 



Address 



Dout 



OE 



"\ 



J&+ 



X. 



■\_ 



/ 



* km > 



< tcpT > 



F "\ 



USC 




tRCS 




H.gh-Z 



* ^ ► 



*CAS 



*CAH 



JT 



Column 



"^ /? 



kRP 



/" 




High-Z 



tozo 

4 ► 




i£a£ 



*CAC 



^iRCH^ 




« <CDD > 



i 



M 



^tom_^ 



\ 



Dout 



4-J222*. 



< toDP » 




* ^1 : Dont care 
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HM514170 Series 



> CAS Before RAS Refresh Counter Check Cycle (Write) 



RAS 



CAS 



Address /£ 



UWE 
LWE 



Din 



Dout 



OE 






J2B+ 



X. 





< tcHR > 



i 



< tcPT > 



/ A 



Use 



«— t T 




_r 



"K_ 



« — ^ ► 

kAS 



«_^ ► 



-r 



*CAH 



Column 



fe 





. l DS 



< twcH > 



*DH 



Din 



High-Z 



V 



*crp 



f 







*VZ 



Don't care 
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HM514280 Series 

262, 144- Word x 18-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514280 are CMOS dynamic RAM orga- 
nized as 262,144-word x 18-bit. HM514280 have realized 
higher density, higher performance and various functions by 
employing 0.8 jum CMOS process technology and some 
new CMOS circuit design technologies. The HM514280 offer 
Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM514280 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard 
475 mil 40-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 70 ns/80 ns/100 ns (max) 

• Low Power Dissipation 

Active Mode 935 mW/825 mW/715 mW (max) 

Standby Mode 11 mW (max) 

• Fast Page Mode Capability 

• 5 12 R efresh Cycles (8 ms) 

• 2CAS Byte Control 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 



Preliminary 



HM514280JP Series 




(CP-40D) 



HM514280ZP Series 




(ZP-40) 



ORDERING INFORMATION 



PIN OUT 



Part No. 


Access Time 


Package 


HM514280JP-7 
HM514280JP-8 
HM514280JP-10 


70 ns 
80 ns 
100 ns 


400 mil 40-pin 
Plastic SOJ 
(CP-40D) 


HM514280ZP-7 
HM514280ZP-8 
HM514280ZP-10 


70 ns 
80 ns 
100 ns 


475 mil 40-pin 
Plastic ZIP 
(ZP-40) 


■ PIN DESCRIPTION 


Pin Name 


Function 


Ao-A 8 
— Row Address 
— Column Address 
—Refresh Address 




Addrej 
Ao-A 
Ao-A 
A -A 


>s Input 

8 
8 
8 


I/Oo-I/On 




Data-ii 


a/Data-out 


RAS 


Row Address Strobe 


UCAS, LCAS 


Column Address Strobe 


WE 


Read/Write Enable 


OE 


Output Enable 


v C c 


Power ( + 5V) 


v S s 


Ground 



HM514280JP Series 



40DV SS 

39bl/017 

38DI/016 

37hl/015 

36DI/014 

35fDV ss 

34hl/013 

33 31/012 

32DI/011 

31DI/010 

30 J 1/09 

29 PICAS 

28t)UCAS 

27DOE 

Z6DA8 

c5DA7 

24pA6 

23pA5 

22pA4 

21pVss 



(Top View) 



HM514280ZP Series 









1 


I/O10 


I/On 


2 


3 


I/O12 


I/0 13 


4 


5 


v S s 


I/0 14 


6 


7 


I/O15 


1/016 


8 


9 


I/On 


Vss 


10 


11 


v C c 


i/o 


12 


13 


I/Oi 


I/o 2 


14 


15 


I/O3 


Vcc 


16 


17 


I/O4 


i/o 5 


18 


19 


i/o 6 


1/07 


20 


21 


i/o 8 


NC 


22 


23 


WE 


RAS 


24 


25 


NC 


Ao 


26 


27 


Ai 


A 2 


28 


29 


A3 


Vcc 


30 


31 


v S s 


A4 


32 


33 


A 5 


A 6 


34 


35 


A7 


Ag 


36 


37 


OE 


UCAS 


38 


39 


LCAS 


I/O9 


40 







(Bottom View) 
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HM514280 Series 



TRUTH TABLE 



Inputs 


I/O 


Operation 


RAS 


LCAS 


UCAS 


WE 


OE 


I/Oo-I/0 8 


I/O9-I/O17 


H 


H 


H 


H 


H 


High-Z 


High-Z 


Standby 


L 


H 


H 


H 


H 


High-Z 


High-Z 


Refresh 


L 


L 


H 


H 


L 


^out 


High-Z 


Lower Byte Read 


L 


H 


L 


H 


L 


High-Z 


Dout 


Upper Byte Read 


L 


L 


L 


H 


L 


D out 


D ut 


Word Read 


L 


L 


H 


L 


H 


Din 


Don't Care 


Lower Byte Write 


L 


H 


L 


L 


H 


Don't Care 


D in 


Upper Byte Write 


L 


L 


L 


L 


H 


D m 


D in 


Word Write 


L 


L 


L 


H 


H 


High-Z 


High-Z 





ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vgs 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§s 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


Topr 


Oto +70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°c 




■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low 


(I/O Pin) 


Vil 


-1.0 


— 


0.8 


V 


1 


Voltage 


(Others) 


Vil 


-2.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgs- 

• DC Electrical Characteristics (T A 



to +70°C, V C c = 5V ±10%, V S s = 0V) 



Parameter 


Symbol 


HM5 14280-7 


HM514280-8 


HM514280-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


icci 


- 


170 


- 


150 


- 


130 


mA 


RAS Cycling 

LCAS or UCAS Cycling 

t R c = Min 


1,2 


Standby Current 


!CC2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface RAS, 
LCAS, UCAS = V IH , 
D out = High-Z 




- 


1 


- 


1 


- 


1 


mA 


CMOS Interface RAS, 

LCAS, UCAS > V cc - 0.2V, 

D out = High-Z 




RAS Only 
Refresh Current 


J CC3 


- 


150 


- 


130 


- 


110 


mA 


t R c = Min 


2 


Standby Current 


Jccs 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH , 

LCAS or UCAS = V IL , 

D out = Enable 


1 


CAS Before RAS 
Refresh Current 


!CC6 


- 


150 


- 


130 


- 


110 


mA 


tRC = Min 




Fast Page Mode Current 


!CC7 


— 


130 


— 


120 


— 


110 


mA 


tpc = Min 


1,3 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


jaA 


0V < V in < 7V 
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HM514280 Series 



• DC Electrical Characteristics (T A = to + 70°C, V C c = 


5V ±10% 


, Vss = 0V) (continued) 






Parameter 


Symbol 


HM5 14280-7 


HM5 14280-8 


HM514280-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V out < 7V, 
D out = Disable 




Output High Voltage 


VoH 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


High I out = -5mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


LowI ou t = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed < 1 time while RAS = Vjl. 

3. Address can be changed < 1 time while LCAS and UCAS = Vih- 

• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Cn 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


c i/o 


— 


10 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. LCAS and UCAS = V IH to disable D out . 

• AC Electrical Characteristics (T A = to + 70°C, V C c = 5V ±10%, V S s = 0V)L K 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM5 14280-7 


HM5 14280-8 


HM514280-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


130 


— 


150 


— 


180 


— 


ns 




RAS Precharge Time 


tRP 


50 


— 


60 


— 


70 


— 


ns 




RAS Pulse Width 


tRAS 


70 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


20 


10000 


20 


10000 


25 


10000 


ns 




Row Address Setup Time 


USR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


15 


— 


ns 




Column Address Setup Time 


Use 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


50 


20 


60 


25 


75 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


35 


15 


40 


20 


55 


ns 


9 


RAS Hold Time 


tRSH 


20 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


tCSH 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 




OE to D in Delay Time 


tODD 


20 


— 


20 


— 


25 


— 


ns 




OE Delay Time from Dj n 


tDZO 





— 





— 





— 


ns 




CAS Setup Time from D in 


tDZC 





— 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


ms 
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HM514280 Series 



Read Cycle 



Parameter 






HM5 14280-7 


HM5 14280-8 


HM514280-10 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


70 


— 


80 


— 


100 


ns 


2,3 


Access Time from CAS 


*CAC 


— 


20 


— 


20 


— 


25 


ns 


3, 4, 13 


Access Time from Address 


*AA 


— 


35 


— 


40 


— 


45 


ns 


3, 5, 13 


Access Time from OE 


tOAC 


— 


20 


— 


20 


— 


25 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 





— 





— 





— 


ns 




Column Address to RAS Lead Time 


tRAL 


35 


— 


40 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tOFFl 





15 





15 





20 


ns 


6 


Output Buffer Turn-off to OE 


tOFF2 





15 





15 





20 


ns 


6 


CAS to D in Delay Time 


tCDD 


15 


— 


15 


— 


20 


— 


ns 




Write Cycle 


Parameter 


Symbol 


HM5 14280-7 


HM5 14280-8 


HM514280-10 


- Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


15 


— 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


t WP 


10 


— 


10 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


*CWL 


20 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


15 


— 


20 


— 


ns 


11 


Read-Modify-Write Cycle 


Parameter 


Symbol 


HM5 14280-7 


HM5 14280-8 


HM5 14280- 10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


180 


— 


200 


— 


245 


— 


ns 




RAS to WE Delay Time 


tRWD 


95 


— 


105 


— 


135 


— 


ns 


10 


CAS to WE Delay Time 


*CWD 


45 


— 


45 


— 


60 


— 


ns 


10 


Column Address to WE Delay Time 


tAWD 


60 


— 


65 


— 


80 


— 


ns 


10,13 


OE Hold Time from WE 


t()EH 


20 


— 


20 


— 


25 


— 


ns 




Refresh Cycle 


Parameter 


Symbol 


HM5 14280-7 


HM5 14280-8 


HM5 14280-10 




Note 


Min 


Max 


Min 


Max 


Min 


Max 


unit 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 




CAS Precharge Time in Normal Mode 


tCPN 


10 


— 


10 


— 


10 


— 


ns 
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HM514280 Series 



Fast Page Mode Cycle 



Parameter 


Symbol 


HM5 14280-7 


HM5 14280-8 


HM514280-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


45 


— 


50 


— 


55 


— 


ns 




Fast Page Mode CAS Precharge Time 


*CP 


10 


— 


10 


— 


10 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


ns 


12 


Access Time from CAS Precharge 


tACP 


— 


40 


— 


45 


— 


50 


ns 


3,13 


RAS Hold Time from CAS Precharge 


tRHCP 


40 


— 


45 


— 


50 


— 


ns 




Fast Page Mode Read-Modify- Write 
Cycle CAS Precharge 
to WE Delay Time 


tCPW 


65 


- 


70 


- 


85 


- 


ns 




Fast Page Mode Read-Modify- Write 
Cycle Time 


tpCM 


95 


- 


100 


- 


110 


- 


ns 





Counter Test Cycle 




















Parameter 


Symbol 


HM5 14280-7 


HM5 14280-8 


HM514280-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Precharge Time in 
Counter Test Cycle 


tcPT 


50 


- 


50 


- 


50 


- 


ns 





Notes: 1. AC measurements assume tj = 5 ns. 

2. Assumes that tRCD ^ tRCD (max) and tRAD - *RAD (max). If tRCD or *RAD 1S greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that tRCD - tRCD (max) and tRAD ^ tRAD (max). 

5. Assumes that tRCD - tRCD (max) and tRAD - tRAD (max). 

6. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vm and Vjl- 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. t\ycs> tRWD' tcwD an( * tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs - twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD - tRWD (min), tcwD - tcwD (min), tAWD - tAWD (min) and 
tcPW - tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditio ns is satisfied, the condition of the data out (at access time) is indeterminate. 

1 1. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-w rite c ycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP- 

14. An initial pause of 100 jus is required after power up followed by a minimum of eight initialization cycle s (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

16. Either tRCH or Trrh must be satisfied for a read cycle. 

17. When both LCAS and UCAS go low at the same time, all 18-bits data are written into the device. LCAS and UCAS cannot 
be staggered within the same write/read cycles. 
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HM514280 Series 



I TIMING WAVEFORMS 
> Read Cycle 



RA5 



t T 



UCA5 
ICAS 



<-<\SR 



Address 




tRC 



"\_ 



_r 



tRAS 



/ 



+—^2 „ 



I 



^AD 



>N- 



l RAH t ASC 

* — *t 



Row 



WE 




Dout 




/T 



*RCS 



tRSH 



*CAS 



kSH 



A 



T -RAl 



.[ 



J 



, kAH „ 



Column 



H.gh-Z 



*RAC 



Din 




< tDZC », 





4 ^ ^ 



*aa 



7" 



*OAC 



High-Z 



tQZO 



OE 





« 



Zl\. 



4 ► 



'CRP 



VM/////A 



*RCH 



tRRH 




toFFI 
I ► 



^ Dout y 



t OFF2 



4 tCDD > 



tODD 





: Don't care 
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HM514280 Series 



• Early Write Cycle 



RAS 



UCAS 



LCAS 



Address 



WE 



m. 



Din 



Dout 



\ 



t T 




t^ 



tRC 



"V_ 



*RAS 



*RCD 



tcSH 



\ 



Row 




J-RAH 




Use 



tRSH 



/ 



4 ► 



l CAS 



1 



k.np 



.L 



< - AH » 



Column 




*wcs 




tos 




twCH 



* < t0H > 



Din 



High-Z 








Don't care 



** OE : Don't care 
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HM514280 Series 



1 Delayed Write Cycle 



RAS 



UCAS 
ICAS 



UsR, 



Address 




tRC 



*RAS 



r 



r 



l CSH 



^CD 



A 



Use — ►!- 



RAH 



S 



Row 



Xfk-L 



*RCS 



WE 




Din 





tozcx 



< tDZC » 



Dout 



OE 




*RSH 



kAS 



*^_ 



trAH 



T CWL 



*RWl 



-/ 



*RP 



*CRP 



Column 



tos, 



k)DD 




WZv7a 



*dh 



Din 




*OEH 

< ► 



<lnvalid~r 
Dout**.£ 



*OFF2 



: Don't care 








** Invalid Dout comes out, when OE is low level. 
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HM514280 Series 



• Read-Modify-Write Cycle 



RAS 



X 



UCAS 
ICAS 



^ASR k 



Address 




*rwc 



"V_ 



WE 



« — 



l RCD 






« lM2 ► 



Usr 



4 ^Z ► 



Row 



\-Pk-l 



7 -x 



*RCS 




tRAC 



Din 




Dout 



OE 



tQZO 

► 



*ozc 

« ► 



1 



« <CAH > 



Column 



kwo 



tAWO 



High-Z 





< Douty 

t AC "^ T 



Ua 



*CAC 



tos 



.1 — >- 



kwi 




tRWl 



«-^> 



l CRP 



\ 




4| tD !i ^ 



Din 



tOFF2 




tpSH 



tODO 




* vssyy, • Don't care 
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HM514280 Series 



> RAS Only Refresh Cycle 



RA5 



"\ 



'CRP 




Address 'A 




tRC 



"l_ 



« !**> „ 



r 



tRP 



tRPC 



kRP 
* — ►* 




., — ^H — ► 



tASR 



Row 




Dout 



High-Z 



* OE f WE • Don't care 
: Don't care 



*** Refresh address : AO - A8 (AXO - AX8) 



• CAS Before RAS Refresh Cycle 



RAS 



tRP 



_r 



*RPC 



kpN 



UCAS 
LCAS 



Address 



Dout 



fS5!W 



tRC 



t»AS 
4 22 — * 



\ I 



l £% 



tCPN ^ 



*-l2f ► 



im 



2I_ 



tRC 



\ 



tRAS 
4 — ► 



^_Up ^ 



r \ 



kHR 



/ 



JCRP 




t0FF1 




High-Z 



Don't care 



W * :V,„ 
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HM514280 Series 



> Hidden Refresh Cycle 



RAS 



UCAS 
LCAS 



-\ 



t T 



USR 



Address 



X 



*RAH 

— ► 



tRC 



4 tRAS » 



(Read) 



/ 



tRSH. 



< tqCD > 



"X 



\. 






Row 



WE 




^ 



"v 



*RCS 



*RAC 



Dout 



Din 



OE 




^ZC, 



*RP , 



tRC 



A 



(Refresh) 



X. 



r 



tRp 



-d 



/ "\ 



tRC 



kAs 



< tRAS > 



(Refresh) 



"v_ 



.C 



T -CHR 



*-t RAL 



tCAH 

^ »> 



Column 




<. 



}n 




JOAC 



l CAC 



tAA 



High-Z 



Dout 



T^C 



kRp 



;■ 



j 



*OFF2 



tncH 



tRRH 




t0FF1 



> 



iCDD 




%^j : Don't care 
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HM514280 Series 



• Fast Page Mode Read Cycle 



1L 



RAS 



\ 



tT— * 



Address 



"\_ 



*RASC 



kSH 



^CD 



Din 




*DZC 



tRAC 



*CAS 



tCDD 

► 



High-Z 



toDD 



i£AC 



« tAA H 



Dout 



*OAC 



^BBV 



OE 



"\ 



< ► 



tpc 



*cp 

4 !£_> 



, *CAS , 




*DZC 

• 



*ACP 



tOFF1 

H 



^ Dout £ 



*OFF2 



l CDD, 



High-Z 



*CAC 



tAA 



*DZO 




^RHCP 



/' 



j- 



+^-+ 



Ms 



:H 



tOFF1 



< Dout / 



kAS 



tRP 



"N. 



tCRPJ 



•*DZC 



High-Z 



*CAC 
4 ^ AV - ► 



tAA 



*ACP 



Jdzo 



toDO 




*CDO 



;|B 



l OOD 

-4 



i D ° Ut ^ 



tOFF1 

< 



tQFF2 



tOAC 



: Don't care 
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HM514280 Series 



• Fast Page Mode Early Write Cycle 



RAS 



\. 



tT— ► 



UCAS 
LCAS 



Address ; 



Usr 



*RASC 



kSH 



^T" tRCD — ► 



Row 



WE 



Din 



Dout 



^. 



Jf 



*RAH 



Usc U* 




*CAS 



tPC 



kp 






^ ^ 



Col. 



twcs 



"4> 



|<K 



^1> 



tCP 

4 !£_► 



A A T t 



Col. 



twCH twCS 





^tRSH 



l CAS, 



*RP 



/ V 



4 k « P > 



*CAH 



Col. 



Wvcs,. 



twCH 



^WC^ 



4etw 



Din 



High-Z 



* OE : Don't care 



: Don't care 
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HM514280 Series 



• Fast Page Mode Delayed Write Cycle 



T 



RAS 



\ 



UCAS 
LCAS 



Address : 



tASR 



'V. 



^RASC 



kSH 



/ 



« ^°-»- 



~X 



— ► 



5. / Ti 

\ i 



X 

Row 



*RAH 



< tcAS H 



kAH 



Col. 



WE 




Din 



Dout 



OE 




*RCS 



tpc 



CP 



< — ^—+ 



r 



tASC. 



*CAS 
4 LA3 ► 



\ 




toOD * 




tos 



/ 



X 



Din 



toH 



kAH 



^i> 



r\ 



Us^ 



l^tcwL 



>L 



\ 



*RCS 

tos 





*RSH 



kAS 



Col. 



J22-+ 



<+> 



1 

Din 

"K T 



*OH 



*RP 



} 



^CRP^ 



"X 



\ 



*RCS 



tDS 




tyyp 
tRWt 



kwt 



Din 



*DH 



tOEH 



High-Z 



: Don't care 
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HM514280 Series 



• Fast Page Mode Read-Modify-Write Cycle 



UCAS 
LCAS 



/ \ 



1 



*CAM 



tPCM 



Ucp 



iQtTl 



tCAM 



*}2?° 



x n 



kiffi 



*ozo 



*CAH 




^12.00 



Hk 



yA Don't c^r» 
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HM514280 Series 



• CAS Before RAS Refresh Counter Check Cycle (Read) 



RAS 



UCAS 
LCAS 



Address 



WE 



Din 



Dout 



OE 



\ 



^kSR^ 



TL 





< tCHR » 



r 



*CPT 
< ^ ► 



1 



? \. 



*ASC 




l RCS 





tozc 





High-Z 



< ^ ► 



kAS 



*CAH 



< »> 



r 



j 



Column 



J\ 



\ 



tcRP 




High-Z 



H— ► 

*AA 



tozo 




&t 



*CAC 



it 



i tR CH , 




« tCDD » 




/ 0Ffl » 



~i. 



Dout 



"v_ 



J" 



^JOFF^ 



< t0DD > l 




Don't care 
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HM514280 Series 



• CAS Before RAS Refresh Counter Check Cycle (Write) 



RAS 



UCAS 
LCAS 



Address : 



WE 



Din 



Dout 



OE 



V 



4 w ^ ► 



X 



/ 



4 <CHR > 



kPT 
4 1=TJ ► 



/ "^ 



tASC U> 



■*— t T 




4 !S2! „ 



kAS 



«— ^ ► 



"L 



kAH 



Column 



fiP^ 






,ks 



f WCH 



t0H 

-4 ► 



Din 



High-Z 



/ 



k* tCRP 








.^ 



: Don't care 
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HM514190 Series 

262, 144- Word x 18-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM514190 are CMOS dynamic RAM orga- 
nized as 262,144-word x 18-bit HM514190 have realized 
higher density, higher performance and various functions by 
employing 0.8 jam CMOS process technology and some 
new CMOS circuit design technologies. The HM514190 offer 
Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM514190 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard 
475 mil 40-pin plastic ZIP. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 70 ns/80 ns/100 ns (max) 

• Low Power Dissipation 

Active Mode 770 mW/660 mW/550 mW (max) 

Standby Mode 11 mW (max) 

• Fast Page Mode Capability 

• 1 ,024 Refresh Cycles (16 ms) 

• 2 WE Byte Control 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 



Preliminary 



HM514190JP Series 




(CP-40D) 



HM514190ZP Series 




(ZP-40) 



ORDERING INFORMATION 



PIN OUT 



Part No. 


Access Time 


Package 


HM514190JP-7 
HM514190JP-8 
HM514190JP-10 


70 ns 
80 ns 
100 ns 


400 mil 40-pin 
Plastic SOJ 
(CP-40D) 


HM514190ZP-7 
HM514190ZP-8 
HM514190ZP-10 


70 ns 
80 ns 
100 ns 


475 mil 40-pin 
Plastic ZIP 
(ZP-40) 


■ PIN DESCRIPTION 


Pin Name 


Function 


A -A 9 
— Row Address 
— Column Address 
— Refresh Address 




Addre« 
A -A 
A -A 
A -A 


>s Input 
9 

7 
9 


I/Oo-I/On 




Data-i] 


i/Data-out 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


UWE,LWE 


Read/Write Enable 


OE 


Output Enable 


v C c 


Power ( + 5V) 


v S s 


Ground 



HM514190JP Series 



VccCl 

i/ooqz 

I/01H3 
1/02 C 4 
1/03 C 5 
VccC6 
I/04C7 
I/05C8 
1/06 C 9 
I/07CK 
I/08C11 



LWEC12 



UWEC 
RASC 
A9C 
A0C 
A1C 
A2C 
A3C 



V CC C20 



40pV„ 

39DI/017 

38131/016 

37 31/015 

36pi/014 

35bv ss 

34DI/013 

33DI/012 

32DI/011 

31DI/010 

30 3 1/09 

29 PNC 

28DCAS 

27p0E 

26bA8 

25PA7 

24bA6 

23DA5 

22DA4 

2tDV ss 



0152-1 



(Top View) 



HM514190ZP Series 



I/On 


2 




1 


I/O10 


I/Ol3 


4 


3 


I/O12 


I/O14 


6 


5 


v S s 


I/Oi6 


8 


7 


1/015 


Vss 


10 


9 


I/On 


I/O 


12 


11 


Vcc 


i/o 2 


14 


13 


I/Oi 


Vcc 


16 


15 


1/03 


i/o 5 


18 


17 


1/04 


I/o 7 


20 


19 


i/o 6 


LWE 


22 


21 


i/o 8 


RAS 


24 


23 


UWE 


Ao 


26 


25 


A 9 


A 2 


28 


27 


Ai 


Vcc 


30 


29 


A3 


A 4 


32 


31 


v S s 


A 6 


34 


33 


A 5 


A 8 


36 


35 


A 7 


CAS 


38 


37 


OE 


I/O9 


40 


39 


NC 



(Bottom View) 
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HM514190 Series 
■ TRUTH TABLE 



Inputs 


I/O 


Operation 


RAS 


LWE 


UWE 


CAS 


OE 


I/Oo-I/0 8 


I/O9-I/O17 


H 


H 


H 


H 


H 


High-Z 


High-Z 


Standby 


L 


H 


H 


H 


H 


High-Z 


High-Z 


Refresh 


L 


H 


H 


L 


L 


Dout 


D ut 


Word Read 


L 


L 


H 


L 


H 


D in 


Don't Care 


Lower Byte Write 


L 


H 


L 


L 


H 


Don't Care 


D in 


Upper Byte Write 


L 


L 


L 


L 


H 


D in 


D in 


Word Write 


L 


H 


H 


L 


H 


High-Z 


High-Z 





ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V§s 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vgs 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


Topr 


Oto +70 


°c 


Storage Temperature 


T st? 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low 


(I/O Pin) 


Vil 


-1.0 


— 


0.8 


V 


1 


Voltage 


(Others) 


Vil 


-2.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgs- 

• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 



Parameter 


Symbol 


HM514190-7 


HM5 14190-8 


HM514190-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


!cci 


- 


140 


- 


120 


- 


100 


mA 


RAS Cycling 
CAS Cycling 
t RC = Min 


1,2 


Standby Current 


J CC2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH , 

D out = High-Z 




- 


1 


- 


1 


- 


1 


mA 


CMOS Interface 

RAS, CAS > V cc - 0.2V, 

D out = High-Z 




RAS Only Refresh Current 


!CC3 


— 


150 


— 


130 


— 


110 


mA 


t RC = Min 


2 


Standby Current 


!CC5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH , 
CAS = V IL , 
D out = Enable 


1 


CAS Before RAS Refresh 
Current 


!CC6 


- 


150 


- 


130 


- 


110 


mA 


t RC = Min 




Fast Page Mode Current 


!CC7 


— 


130 


— 


120 


— 


110 


mA 


tpc = Min 


1,3 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V in < 7V 
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• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) (continued) 



HM514190 Series 



Parameter 


Symbol 


HM514190-7 


HM514190-8 


HM514190-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V out < 7V, 
D out = Disable 




Output High Voltage 


V H 


2.4 


Vcc 


2.4 


v C c 


2.4 


Vcc 


V 


High I out = -5mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed once or less while RAS = Vjl- 

3. Address can be changed once or less while CAS = Vih- 

• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Cn 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


Ct/O 


— 


10 


pF 


1,2 



Notes: 1 . Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 

• AC Characteristics (T A = to +70°C, V cc = 5V ±10%, V S s = 0V) 1 - 14 > 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM5 14190-7 


HM5 14190-8 


HM514190-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


*RC 


130 


— 


150 


— 


180 


— 


ns 




RAS Precharge Time 


tRP 


50 


— 


60 


— 


70 


— 


ns 




RAS Pulse Width 


tRAS 


70 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


*CAS 


20 


10000 


20 


10000 


25 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


15 


— 


ns 




Column Address Setup Time 


Use 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


50 


20 


60 


25 


75 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


35 


15 


40 


20 


55 


ns 


9 


RAS Hold Time 


tRSH 


20 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


tCSH 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 




OE to Dj n Delay Time 


tODD 


20 


— 


20 


— 


25 


— 


ns 




OE Delay Time from Di n 


tDZO 





— 





— 





— 


ns 




CAS Setup Time from D ln 


tozc 





— 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


ms 
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HM514190 Series 
Read Cycle 



Parameter 


Symbol 


HM514190-7 


HM514190-8 


HM514190-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


70 


— 


80 


— 


100 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


20 


— 


20 


— 


25 


ns 


3, 4, 13 


Access Time from Address 


*AA 


— 


35 


— 


40 


— 


45 


ns 


3, 5, 13 


Access Time from OE 


tOAC 


— 


20 


— 


20 


— 


25 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 





— 





— 





— 


ns 




Column Address to RAS Lead Time 


tRAL 


35 


— 


40 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tOFFl 





15 





15 





20 


ns 


6 


Output Buffer Turn-off to OE 


*OFF2 





15 





15 





20 


ns 


6 


CAS to D in Delay Time 


tCDD 


15 


— 


15 


— 


20 


— 


ns 





Write Cycle 



Parameter 


Symbol 


HM5 14190-7 


HM514190-8 


HM514190-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


15 


— 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


t W p 


10 


— 


10 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


tCWL 


20 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


15 


— 


20 


— 


ns 


11 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM514190-7 


HM514190-8 


HM514190-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


180 


— 


200 


— 


245 


— 


ns 




RAS to WE Delay Time 


tRWD 


95 


— 


105 


— 


135 


— 


ns 


10 


CAS to WE Delay Time 


*CWD 


45 


— 


45 


— 


60 


— 


ns 


10 


Column Address to WE Delay Time 


*AWD 


60 


— 


65 


— 


80 


— 


ns 


10,13 


OE to Hold Time from WE 


tOEH 


20 


— 


20 


— 


25 


— 


ns 





Refresh Cycle 




















Parameter 


Symbol 


HM514190-7 


HM5 14190-8 


HM514190-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 




CAS Precharge Time in Normal Mode 


*CPN 


10 


— 


10 


— 


10 


— 


ns 





532 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM514190 Series 



Fast Page Mode Cycle 



Parameter 


Symbol 


HM514190-7 


HM514190-8 


HM514190-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


45 


— 


50 


— 


55 


— 


ns 




Fast Page Mode CAS Precharge Time 


*CP 


10 


— 


10 


— 


10 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


ns 


12 


Access Time from CAS Precharge 


*ACP 


— 


40 


— 


45 


— 


50 


ns 


3,13 


RAS Hold Time from CAS Precharge 


tRHCP 


40 


— 


45 


— 


50 


— 


ns 




Fast Page Mode Read-Modify- Write 
Cycle CAS Precharge 
to WE Delay Time 


tcpw 


65 


- 


70 


- 


85 


- 


ns 




Fast Page Mode Read-Modify- Write 
Cycle Time 


tpCM 


95 


- 


100 


- 


110 


- 


ns 





Counter Test Cycle 




















Parameter 


Symbol 


HM5 14190-7 


HM5 14190-8 


HM514190-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Precharge Time in 
Counter Test Cycle 


tCPT 


50 


- 


50 


- 


50 


- 


ns 





Notes: 



10. 



AC measurements assume tx = 5 ns. 

Assumes that tRCD ^ tRCD (max) and tRAD - tRAD (max). If tRCD or *RAD * s greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 

Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

Assumes that t RC D ^ t RC D (max) and t RAD < t RAD (max). 

Assumes that tRco ^ tRCD (max) and tRAD - tRAD ( max )- 

toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 

Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between Vjh and Vjx- 

Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

twcs> tRWD> *cwd anc * tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs - twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 

(high impedance) throughout the entire cycle; if tRWD - tRwD ( mm )> t-CWD - tcwD (min), tAWD - tAWD (min) and 

tcpw - tCPW (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 

neither of the above sets of conditions is satisfied, the condition of the data out (at a ccess time) is indeterminate. 

These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 

read-modify-write cycle. 

tRASC defines RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of tAA or tcAC or tACP- 

An initial pause of 100 juts is required after power up followed by a minimum of eight initialization cycle s (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 
In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

Either tRCH or Trrh must be satisfied for a read cycle. 

When both LWE and UWE go low at the same time, all 16-bits data are written into the device. LWE and UWE cannot be 
staggered within the same write cycles. 
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HM514190 Series 



■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



"\ 



CAS 



Address 




Usr 



tRC 



tRAS 



r ^ 

y irf \ 



*RCD 



*RAD 



*RAH U$C 
■M — * 



Row 



UWE 
LWE 




Dout 




J 



l RCS 



*RSH 



V.AS 



kSH 



T 



tRAL 



-L 



.1 



*CAH k 



Column 



High-Z 



tRAC 



Din 




< tD " .1 



4 **£ „ 



*OAC 

< ► 



High-Z 



tpZO 



OE 




< 



*CRP 




*RCH 




toFFI 
I ► 



Dout 



> 



t0FF2 



< tCD % 



*ODD 





: Don't care 
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HM514190 Series 



• Early Write Cycle 



RAS 



CAS 



Address 



UWE 
LWE 



Din 



Dout 



"\ 



t T 




&l 



tRC 



tRAS 



*RCD 



kSH 



~\ 



}- 



Row 



X 



L RAH 




Use 



<4— * 



tRSH 



?-* * \ 



kAS 



"V. 



/ 



T 



< tCAH » 



Column 




*wcs 




T -os 



* «+ 



twCH 



*DH 



Din 



High-Z 



tCRP 



_r 






V77///A 
* tf^tt • Don t care 



** OE : Don't care 
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HA/1514190 Series 

• Delayed Write Cycle 



i. 



RAS 



V 



CAS 



*ASR, 



Address 




tuc 



tRAS 



f 

J' 



kSH 



*RCD 



"\ 



Use — ► 



< tRAH » 



Row 



tRCS 



UWE 
IWE 




Din 




tozcx 



^JDZC^ 



Dout 



OE 




tRSH 



^CAS 



X 



*CAH 



kwi 



*RWl 



\l 



Column 



to, 



*ODD 



*RP 



*CRP 



*DH 



Din 



*OEH 

-4 ► 



Invalid 



Dout**.£ 



: d :> 



« — ► 



tOFF2 



; Don't care 







** Invalid Dout comes out, when OE is low level. 
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HM514190 Series 



• Read-Modify-Write Cycle 



RAS 



"\ 



CAS 



USR, 



Address 




tRWC 



"I. 



TL 



UWE 
LWE 



/ \ 



Uqo 



Y 



„ ^£2 „ 



Use, 



< tRAH > 



Row 



tRCS 



"t 



Din m 



Dout 



OE 



; 



r 



4 tCAH > 



Column 



^ kwp ^ 



tAWO 




t AC '* — V 




Dout^ 



tcWL 




^WL 



4-^ 



*CRP 



tQFF2 



l QEH 



k>DD 




: Don't care 
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HM514190 Series 

• RAS Only Refresh Cycle 



RAS 



CAS 



\ 



*CRP ^ ~* 




^ 



Address 



Dout 




tRC 



*RAS 



S 



r 



tRP 



tRPC 



*CRP 
< — ►< 




« 15AH ^ 



USR 



Row 




High-Z 



* OE,UWE r LWE: Don't care 
: Don't care 



*** Refresh address : AO - A9 (AXO - AX9) 



• CAS Before RAS Refresh Cycle 



RAS 



tpp 

< ^ 



JL 



>PC 



_r 



CAS 



Address 



Dout 



4 ► 



A 



tRC 



t 



tjH^ 



/ 



kPN 

•4 



«-is= — ► 



./" ~\ 






"i. 



&$. 



tRC 



< -^ ► 



"\_ 



A 



< tRP » 



_J 



*CHR 



T 



/* 



^CRP 



r 




tQPFI 




High-Z 



: Don't care 



** UWE,LWE:V, H 
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HM514190 Series 



> Hidden Refresh Cycle 



RAS 



CAS 



l ASR 



Address 



UWE 
LWE 



Dout 



Din 



OE 




Don't care 
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HM514190 Series 

• Fast Page Mode Read Cycle 



RAS 



X 



tT— * 



CAS 



UsR 



Address 



X RASC 



kSH 



l RCP 



x 



«-i™0 ^ 



^RAH 



Row 



Use 

► 




"^ 




l RCS 



Din 




k>ZC 



*RAC 



kAS 



JT 



.r 



/ 



kAH 



Col. 




t Ra^ 



koo 

— ► 



High-Z 



kDD 

— ► 



Dout 



kAC 



^PJ^ 



OE 



tpc 



^ — Ul^ 



"\ 



Use 



*rcs 



-<L 



^iCA^ 



/ 



kAH 

«« ► 



Col 




kzc 

-lit 



tACP 



k)FF1 



^ Dout ^ 



k>FF2 



<-> 




kCH 



kDD 



High-Z 



*CAC 

«« * 



*AA 



k>zo 




tRHCP 



1 



kp 

4 » 



~_ 



\ 



Use 



*RCS 

< 



-L 



~c_ 



*RS: 



"L 



tRAl, 



kAH 



Col. 




kFFI 



< Dout 



<> 



kAS 



tRP 



~y 



1 




*RRH 



High-Z 



«-^ 



Ua 



tACP 



-kzo 



kOD 




JCRI 



tncH 




koo 

•4— 




koo 

4 



\ Dout ^ 



■4-* 



kFFI 

4 



l OFF2 



.r 



toAC 



: Don't care 
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HM514190 Series 



• Fast Page Mode Early Write Cycle 



~X 



RAS 



\. 



t T — ► 



CAS 



Address 



*ASR 
-4— ► 



tRASC 



kSH 



tRCD 



1L 



\ 






Row 



Use 




S 



*CAS 



tpc 



tCP 



/ A 



Jf 



k* &W 



Col. 



twes 



I twCH twCS 




Usi 



_r 



^iCAS^ 



7 



kp 



\ 



t^ 



Col. 



•«-» 





.r 



^tRSH — 



*CAS 



/ 



Irp 






*crp 



tCAH 



Col. 



t wcs lk 



twCH 



^WW 





Din 



Dout 



«H 



Din 




High-Z 



OE : Don't care 
E^j : Don't care 
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HM514190 Series 



• Fast Page Mode Delayed Write Cycle 



\_ 



RAS 



V 



t T 



CAS 



Address 



*ASR 
«4— ► 



*RASC 



t 



kSH 



<» !*£_* 



1 



\ 



Use 

— » 






Row y<Zffiffl\ Col. 



*CAS 
4 V Aa ► 



"v 7 



/ "\ 



tCAH 




*RCS 



tpc 



tCP 



*ASC 




^ 



\ 



Din 




Dout 



OE 



*ODD ► 




tos 



*CAS 



"f 



f "\ 



Col. 



"Y 



*WP , 



««J t0H 



Din 



*CAH 



tCP 



t AS^ 



*cwi 




7T^ 



*RSH 



*CAS 



"L 



Col. 



~K 



twp 



W 



/ 



tCRP, 




-4 1 J 



*RWl 



kwt 



^2!% 



High-Z 



: Don't care 
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HM514190 Series 



• Fast Page Mode Read-Modify-Write Cycle 



RAS l> 



tnco 



Uac 



4— •» 



I Dout y 



lorn 






.froo 



^oio 



*OAC 

4— ► 



i Oou^ )■ 



4 > 



l 020 



■4 ► 



V 




tOAC 

4—* 



mi 



tCAC 



bouiy 



V>fH 

4 * 



__-«!flPO 



: Don't care 

0152-12 
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HM514190 Series 

• CAS Before RAS Refresh Counter Check Cycle (Read) 



RAS 



CAS 



Address 



Dout 



OE 



, kSR , 



TL 



i 



< kHR > 



*CPT 

« i£! — ► 



/^ 



Use 




l RCS 




High-Z 



^_JRSH > 



*CAS 



*CAH 



«— S5E >. 



<*t CRP 



Jt 



/" 



Column 




High-Z 



4^ ► 



tozo 




^ 



*CAC 



« tcDP > 




< tQF " » 



? 



Dout 



«-^fI2* 



4 t0DP > 




: Don't care 
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HM514190 Series 



• CAS Before RAS Refresh Counter Check Cycle (Write) 



RAS 



CAS 



Address 



Din 



Dout 



OE 



i. 



V 



^tCSR^ 




4 tCHR ► 



4 tCPT » 



/ "\ 



Use 



*— t T 




<«> 



«— ^S ► 



kAS 



«_i*£ H 



i \ 



*CAH 



Column 



to 





. l DS. 



1 tWCH > 



4 ». 



Din 



High-Z 



U+ tcRP 



f 







: Don't care 
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HM51 16100 Series 

16,777,2 16- Word x 1-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM5116100 is a CMOS dynamic RAM organized 16,777,216-word x 
1-bit. It employs the most advanced CMOS technology for high performance and 
low power. The HM5116100 offers Fast Page Mode as a high speed access mode. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 

• Low Power Dissipation 

Active Mode 

Standby Mode 

• Fast Page Mode Capability 

• Long Refresh Period 

• 4096 Refresh Cycles 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

■ ORDERING INFORMATION 



Preliminary 



.60 ns/70 ns/80 ns/100 ns (max) 



.495 mW/440 mW/385 mW/330 mW (max) 
11 mW (max) 



.(64 ms) 



Part No. 


Access Time 


Package 


HM5116100J-6 
HM5116100J-7 
HM5116100J-8 
HM5116100J-10 


60 ns 
70 ns 
80 ns 
100 ns 


400 mil 24-pin 
Plastic SOJ 
(CP-24D) 


HM5116100Z-6 
HM5116100Z-7 
HM5116100Z-8 
HM5116100Z-10 


60 ns 
70 ns 
80 ns 
100 ns 


475 mil 24-pin 
Plastic ZIP 
(ZP-24) 



HM5116100J Series 




(CP-24D) 



HM5116100Z Series 




PIN DESCRIPTION 



Pin Name 


Function 


Ao-An 


Address Input 


A -An 


Refresh Address Input 


Din 


Data Input 


D ut 


Data Output 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


v C c 


Power Supply ( + 5V) 


v S s 


Ground 


NC 


No Connection 



■ PIN OUT 




HM5116100J Series 


Vcc[T 


=%r= 


28)V SS 


Din [2 




2?]Dout 


NC |T 




26JNC 


WE |~4~ 




25] CAS 


RAS [T 




24] NC 


A11 [T 




23] A9 


A10 \V_ 




20] A8 


A0[?0 




]H A7 


A1 [TT 




li)A6 


A2 £7 




T7|A5 


A3 [n[ 




J6]A4 


v cc[j7 




T?]Vss 






0100-1 


(Top View) 



(ZP-24) 



HM5116100Z Series 






1 A9 


NC 2 




3 CAS 


NC A 










Dout 


V » 6 






7 Vcc 


Din 










9 NC 


WE „ 




10 
AH 4 „ 




11 RAS 


12 




,, A10 


A0 . 




13 


14 
A2 .,. 




15 A1 


16 

V « ,8 

A4 „ 




17 A3 
19 V " 


20 




^« A5 


A6 „„ 




21 


22 
A8 ,, 




23 A7 


24 






0100-2 


(Bottom View) 



This specification is fully compatible with the preliminary 16MB DRAM specifications 
from TEXAS INSTRUMENTS. 
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HM51 16100 Series 



BLOCK DIAGRAM 



RAS 



CAS 



RAS 

Control 

Circuit 



CAS 

Control 

Circuit 



WE 

HI 



WE 

Control 

Circuit 



Address A0-A11 























256k memory cell array 




Row 
decoder 

& 

driver 




256k memory cell array 








Sense imp & I/O bus 


Sense amo ft I/O bus 












256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 




Sense amp ft I/O bus 


Sense amp ft I/O bus 




«- 






256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 




Seme amo. ft I/O bin 


Sense amo. & I/O bus 




256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 




Seme amo ft I/O bus 


Sense amo & I/O bus 




256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 




Sense amp & I/O bus 


Sense amp & I/O bus 




256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 




Sense amp & I/O bus 


Sense amo & I/O bus 




256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 




Sense amo & I/O bus 


Sense amo & I/O bus 




T 






256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 




Sense amo & I/O bus 


Sense amo. ft I/O bus 




256k memory cell array 


2S6k memory cell array 


















Column decoder & driver 




Column decoder & driver 






f 














256k memory cell array 




Row 
decoder 

& 

driver 




256k memory cell array 


+ 


Sense amo & I/O bus 


Sense amo & I/O bus 


256k memory cell array 


256k memory cell array 


256k memory cell array 


256k memory cell array 


Sense amp & I/O bus 


Sense amp ft I/O bus 


256k memory cell array 


256k memory cell array 


256k memory cell array 


256k memory cell array 


Sense amp. & I/O bus 


Sense amo. ft I/O bus 


256k memory cell array 


256k memory cell array 


256k memory cell array 


256k memory cell array 


Sense amo. & I/O bus 


Sense »mo. ft I/O bus 


256k memory cell array 


256k memory cell array 


256k memory cell array 


256k memory cell array 


Sense amp & I/O bus 


Sense amo & I/O bus 


T 




256k memory cell array 


256k memory cell array 


256k memory cell array 


256k memory cell array 


Sense amp & I/O bus 


Sense amp & I/O bus 






256k memory cell array 


256k memory cell array 


256k memory cell array 


256k memory cell array 


Sense amo fti/Obus 


Sense amp & I/O bus 






256k memory cell array 


256k memory cell array 


256k memory cell array 


256k memory cell array 


Sense amp 6 I/O bus 


Sense amo & I/O bus 


256k memory cell array 


256k memory cell array 












































Row address buffer 



















Din Dout 



I/O buffer 
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HM51 16100 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


Topr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


Vil 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vss- 

• DC Electrical Characteristics (T A 



to +70°C, V cc = 5V ±10%, V S s = 0V) 





Symbol 


HM5116100J/Z 


Unit 


Test Conditions 




Parameter 


-6 


-7 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating Current 


!CC1 


— 


[_ 90 


— 


80 


— 


70 


— 


60 


mA 


t RC = Min 


1,2 


Standby Current 


*CC2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH 
D ut = HighZ 




- 


1 


- 


1 


- 


1 


- 


1 


mA 


CMOS Interface 

RAS, CAS > V C c ~ 0.2V 

D out = High-Z 




RAS Only Refresh 
Current 


!CC3 


- 


90 


- 


80 


- 


70 


- 


60 


mA 


t R c = Min 


2 


Standby Current 


Jccs 


- 


5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH 
CAS = V IL 

D out = Enable 


1,4 


CAS Before RAS 

Refresh Current 


!CC6 


- 


90 


- 


80 


- 


70 


- 


60 


mA 


t R c = Min 


4 


Fast Page Mode 
Current 


ICC7 


- 


70 


- 


60 


- 


50 


- 


45 


mA 


tpc — Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


uA 


0V < V in < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


JLtA 


0V < V out < 7V 
D out = Disable 




Output High Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


Vcc 


2.4 


Vcc 


V 


High I out = - 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 





Notes: 1. Ice depends on output load condition whe n the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed once or less while RAS = Vjl- 

3. Address can be changed once or less while CAS = VrH- 

4. Clock voltages (RAS and CAS) must be applied simultaneously with or prior to applying supply voltage. 
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HM51 16100 Series 



• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address, Data-in) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Cn 


— 


7 


pF 


1 


Output Capacitance (Data-out) 


Co 


— 


7 


pF 


1,2 



Notes: 



1 . Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = V IH to disable D out . 



• AC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 1 - 2 - 16 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 





Symbol 


HM5116100J/Z 








Parameter 


-6 


-7 


-8 


-10 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Random Read or Write Cycle Time 


tRC 


110 


— 


130 


— 


150 


— 


180 


— 


ns 




RAS Precharge Time 


*RP 


40 


— 


50 


— 


60 


— 


70 


— 


ns 




CAS Precharge Time 


tcp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


15 


10000 


18 


10000 


20 


10000 


25 


10000 


ns 




Row Address Setup Time 


USR 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Column Address Setup Time 


tASC 





— 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


15 


— 


15 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


45 


20 


52 


20 


60 


20 


75 


ns 


3 


RAS to Column Address Delay Time 


tRAD 


15 


30 


15 


35 


15 


40 


20 


55 


ns 


4 


RAS Hold Time 


*RSH 


15 


— 


18 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


*CSH 


60 


— 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


5 


— 


5 


— 


5 


— 


5 


— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


30 


3 


30 


3 


30 


3 


30 


ns 


5 


Read Cycle 




Symbol 


HM5116100J/Z 


Unit 




Parameter 


-6 


-7 


-I 


5 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


ns 


6, 7, 17 


Access Time from CAS 


tCAC 


— 


15 


— 


18 


— 


20 


— 


25 


ns 


7, 8, 17 


Access Time from Address 


*AA 


— 


30 


— 


35 


— 


40 


— 


45 


ns 


7, 9, 17 


Read Command Setup Time 


tRCS 





— 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


*RCH 





— 





— 





— 





— 


ns 


10 


Read Command Hold Time to RAS 


tRRH 


5 


— 


5 


— 


5 


— 


5 


— 


ns 


10 


Column Address to RAS Lead Time 


tRAL 


30 


— 


35 


— 


40 


— 


45 


— 


ns 




Column Address to CAS Lead Time 


tCAL 


30 


— 


35 


— 


40 


— 


45 


— 


ns 




CAS to Output in Low-Z 


*CLZ 





— 





— 





— 





— 


ns- 




Output Data Hold Time 


*OH 


3 


— 


3 


— 


3 


— 


3 


— 


ns 




Output Buffer Turn-off Time 


*OFF 


— 


15 


— 


18 


— 


20 


— 


25 


ns 


11 
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HM51 16100 Series 
Write Cycle 





Symbol 


HM5116100J/Z 


Unit 




Parameter 


-6 


-7 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Write Command Setup Time 


twcs 





— 





— 





— 





— 


ns 


12 


Write Command Hold Time 


*WCH 


15 


— 


15 


— 


15 


— 


15 


— 


ns 




Write Command Pulse Width 


t WP 


15 


— 


15 


— 


15 


— 


15 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


15 


— 


18 


__ 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


15 


— 


18 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 





— 


ns 


13 


Data-in Hold Time 


*DH 


15 


— 


15 


— 


15 


— 


15 


— 


ns 


13 


Read-Modify-Write Cycle 




Symbol 


HM5116100J/Z 


Unit 




Parameter 


-6 


-7 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Read-Modify-Write Cycle Time 


tRWC 


130 


— 


153 


— 


175 


— 


210 


— 


ns 




RAS to WE Delay Time 


tRWD 


60 


— 


70 


— 


80 


— 


100 


— 


ns 


12 


CAS to WE Delay Time 


tcWD 


15 


— 


18 


— 


20 


— 


25 


— 


ns 


12 


Column Address to WE Delay Time 


UWD 


30 


— 


35 


— 


40 


— 


45 


— 


ns 


12 


Refresh Cycle 




Symbol 


HM5116100J/Z 


Unit 




Parameter 


-6 


-7 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




CAS Setup Time 
(CBR Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CBR Refresh Cycle) 


tCHR 


20 


- 


20 


- 


20 


- 


20 


- 


ns 




WE Setup Time 
(CBR Refresh Cycle) 


tWRP 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




WE Hold Time 
(CBR Refresh Cycle) 


t\VRH 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 





— 





— 





— 





— 


ns 




Fast Page Mode Cycle 




Symbol 


HM5116100J/Z 


Unit 




Parameter 


-6 


-7 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Fast Page Mode Cycle Time 


tpc 


40 


— 


45 


— 


50 


— 


55 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASP 


— 


100000 


— 


100000 


— 


100000 


— 


100000 


ns 


14 


Access Time from CAS Precharge 


tCPA 


— 


35 


— 


40 


— 


45 


— 


50 


ns 


15,17 


WE Delay Time from CAS Precharge 


tcpw 


35 


— 


40 


— 


45 


— 


50 


— 


ns 




RAS Hold Time from CAS Precharge 


tCPRH 


35 


— 


40 


— 


45 


— 


50 


— 


ns 




Fast Page Mode Read-Modify-Write Cycle 




Symbol 


HM5116100J/Z 


Unit 




Parameter 


-6 


-7 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Fast Page Mode Read-Modify-Write 
Cycle Time 


tpRWC 


60 


- 


68 


- 


75 


- 


85 


- 


ns 
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HM51 16100 Series 



Test Mode Cycle 


























Symbol 


HM5116100J/Z 


Unit 




Parameter 


- 


6 


-7 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Test Mode WE Setup Time 


tWTS 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Test Mode WE Hold Time 


t\VTH 


10 


— 


10 


— 


10 


— 


10 


— 


ns 





Counter Test Cycle 


























Symbol 


HM5116100J/Z 


Unit 




Parameter 


-6 


-7 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




CAS Precharge Time in 
Counter Test Cycle 


tCPT 


TBD 


- 


TBD 


- 


TBD 


- 


TBD 


ns 







Refresh (Tj = 85°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Max 


Unit 


Note 


Refresh Period 


tREF 


64 


ms 


4096 Cycles 



Notes: 1. 
2. 



12. 



17. 



AC measurements assume tj = 5 ns. 

An initial pause of 100 juts is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS only Refresh or CAS before RAS Refresh). If the internal refresh counter is used, a minimum of 
eight CAS before RAS refresh cycles are required. 

Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only; 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 
Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only; 
if tRAD i s greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 
Vjjj (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh (min) and Vjl (max). 

Assumes that tRCD < tRCD (max) and tRAD < tRAD (max). If tRCD or tRAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
Assumes that t RCD ^ t RC D (max) and t RA D ^ tRAD (max). 
Assumes that t RC D ^ t RC D (max) and tRAD ^ tRAD (max). 
Either tRCH or tRRH must be satisfied for a read cycle. 

toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

twcs> tRWD> tc\VD> tAWD an d tcpw are not restrictive operating parameters. They are included in the data sheet as electri- 
cal characteristics only; if t\ycs - twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tRWD - tRWD (min), tcwD - tcwD (min) and tAWD - tAWD 
(min), or tcwD ^ tcwD (min), tAWD - tAWD (min) and tcpw ^ tcpw (min), the cycle is a read-modify-write and the 
data output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the condition 
of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-write cycles. 

tRASP defines RAS pulse width in fast page mode cycles. 
Access time is determined by the longer of tAA or tcAC or tcPA- 

Test mode operation specified in this data sheet is 16-bits test fu nctio n co ntroll ed by compression addresses . . . CA0, CA1, 
CA10 and CA11. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh 
during test mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of sixteen 
test bits accord with each other, the state of the output data is high level. When the state of test bits do not accord with 
each other, the state of the output data is low level. Data output pin is D out and data input in is D ln . If any refresh cycle 
has occurred, the test mode is reset. 

In a test mode read cycle, the value of tRAO tAA» tcAC anc * tcpA * s delayed by 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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HM51 16100 Series 

■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS 



Address 



WE 



Dout 



X 



im, 




tRC 



Row 




tRAS 



/ 



kSH 



*RCD 



*RAD 



tRAH 




tRCS 



*RAC 



Use 



tRSH 



*CAS 



"L 



T 



*RAL 



*CAL 



.tcA^ 



Column 



*aa 



, kAC 



-< > 



tCLZ 



tCRP 



. tRP 



^ ^. 



V 




tRRH , 



*RCH 




tOH 



i°ft 



Dout 



> 



: Don't care 
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HM51 16100 Series 



• Early Write Cycle 



RAS 



\ 



X 



CAS 



Address 




tRC 



tASR *RAH 



*RAS 



kSH 



tRCD 



Row 



WE 



Din 



Dout 



UK 



*RSH 



kAS 



\ F 



tCRP 



^tcA^ 




jwc^ 




*DS *DH 



twCH 



Din 



OPEN* 



tRP 
>< ► 



J' 



\ 




: Don't care 



** twcs-twcs(min) 
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HM51 16100 Series — 
• Delayed Write Cycle 



RAS 



\ 



X 



CAS 



Address 




tRC 



"L 



^AS^ *ffAH 



tRAS 



f 



T 



kSH 



tRCD 



'\ 



Row 



WE 



Din 



Dout 




Iasc 



tRSH 



tCAS 



"L 



r 



JkA^ 



Column 




^ 




\ 



tDS 



tcWL 



tRWL 




twp 



tQH 



Din 



tCLZ 



tRp 



■< ► 



kRP 



\ 





tOFF 

-« — *» 



_r 



Invalid 
"Dout 



± 



: Don't care 
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HM51 16100 Series 



• Read-Modify-Write Cycle 



i. 



RAS 



\ 



X 



CAS 



Address 




WE 



Din 



Dout 



Usr 



*rwc 



Row 




tRAS 



.1 



tRCD 



tRAO 



*RAH 





tRAC 



3M£ 



v. 



tCAS 



r 



T 



tCAH 



Column 



t RCS 



, tAA 



tCLZ 




jtcWD 



AWD , 



*RWD 



tDS 



"\ 



tcWL 



tRWL 



-&S. 




tQH 



Din 



j£*i 



tRP 



< >. 



tCRP 



tOH 



Dout 



> 



\ 




Don't care 
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HM51 16100 Series 



> RAS Only Refresh Cycle 



\ 



x 



CAS 



1 



tRC 



*RAS 



tRP 



t)CR^ 



V 



,tASR *RAH 






.-OPEN 



** |j^i : Don't care 
*** Refresh address : A0- A1 1 (RAO- RA1 1) 



• CAS Before RAS Refresh Cycle 



/ 



,tRPQ 



V 



tRAS 



/" 



tCHR^ 



\ f 



/ 



twRP 




kHR 



f 



tCRP 




tgFj^ 
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HM51 16100 Series 



• Hidden Refresh Cycle 



RAS 



"\ 



X 



CAS 



Address i 



WE 



Dout 



tASR 



tRC 



Row 



tRAS 



M 



— 552 * 



I 



, tRAD 



*RAH 



tA|C 





tRCS 



tRAC 



y $H > 



t RAL 



X 



tRC 



tRAS 



T_ 



tRP 



t X 



tRC 



^CAH^ 



Column 



Jaa 



tCLZ 



^ 



Dout 



< x *a$ 



"\_ 



/" 



tcHR 




tRP 

< >. 



/ 



JCRP^ 



*RRH 




tp^ 



i°^ 



jr 



i. 



^ : Don't care 
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HM51 16100 Series 

• Fast Page Mode Read Cycle 



i- 



RAS 



X 



CAS 



Address : 



tASR 

■< •> 



~l_ 



Row 



WE 




tRASP 



kSH 



tRCD 



tRAD 



tRAH 




tRAC 



Use 



^tCAS^ 



T 



*CAl 



*& 



Column 1 



tRCS 



. ^AA 



J 



tRCH 



tjAC^ 



l CL2 



Dout 



tpc 



tCP 



\. I "\ 




tQH 



tAS£ 



^CAS^ 



J- 



tCAL 



^ 



Column 2 



tRCS 




*cpa 



, Ua 



IgF^ 



Dout 1 



tRCH 



5sas_ 



( CL2 



#■ 



tCPRH 



/ 



tCP 




k)H 



tA^ 



.tRSH^ 



JtCAS 



"V. 



tRAL 



tCAL 



^ 



Column N 



tRCS 




tCPA 



^AA 



tgF^ 



Dout 2 



tRP 



?Sfi£* 



tCLZ 



J 




tCRP 



V 



tRRIj 



tRCH 




toH^ 



tgfl^ 



1L 



Dout 



N } 



£ : 



Don't care 
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HM51 16100 Series 



> Fast Page Mode Early Write Cycle 



RAS 



~\ 



X 



CAS 



Address : 



USR *RAH 



tRASP 



kSH 



tRCD 



\ 



Row 



WE 



Din 



Dout 




*ASC 



"L 



i^i> 



A 



tpc 



tCP 



-< *» 



\ 



%& 



Column 1 




twcs, 




-&- £&. 



J" 




Use 



^ 



A 



tCP 



}- 



JT 



f 



tc™ 



Column 2 



twCH 




t^ 



Din1 




tp^ t D H 




Use 



^tRSH^ 



*CAS 



/ 



tRP 



%& 



Column N 



*WCH 




twes^ 



Din 2 



JT 




^ -iss. 



twCH 



DinN 



OPEN* 



iK 






: Don't care 



t WC s ^ t w cs (min) 
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HM51 16100 Series 

• Fast Page Mode Delayed Write Cycle 



RAS 



"\ 



X 



CAS 



Address : 



tASR 



tRASP 



7 



*CSH 



t RCD 



*--< *■ 



\ 



tR££ 



Row 



WE 



Din 



Dout 




Use 



Jcas^ 



T 



tea. 



Column 1 




tRCS 




&. 



\ 



*CWL 

t wp 




H 



Din 1 



i. 



Jf 



-C 



tpc 



-^ ^ 



Use 



"L 



1 



18» 



Column 2 



Jtocs 



f "^ 



r 




&. 



tcw^ 
twp 




tDH 



Din 2 



^ ~ Invalid " r ; 

L Dout 1 1 



"K Dout 



Ig£ tgpq t^ tgp^ tg^ 



tcp 



V 



i^& 



tRSH 



*CAS 



tCAH 



Column N 



>cs 



A ^ 




& 



ICWL 



< tRP > 



;■ 




twp 



"^_ 



H 



Din 3 



.A 



Invalid 



It 



Dout 



t 



,C 



X 



ist 



V 



.r 





t(DFF 



Invalid 



Dout 



-?t 



: Don't care 
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HM51 16100 Series 



• Fast Page Mode Read-Modify-Write Cycle 



RAS 



\ 



X 



CAS 



tes. 



Address : 



Row 



t W p 



WE 




Din 



tRASP 



.C 



*RCD 



I 



*RAD 



tRAH 



U^c 




*RCS 
tRWD 



tAWD 




*RAC 



*CAS 



r 



1m. 



Column 1 



Ids 



Jt 



j£M 



tg/VD 



\ 



tDH 




^RCS 



t\/VP 



Din1 



*AA 



kAC 



kLZ 



Dout 



tOH 



tOFF 



tpRWC 



A 






Use 



/ 



*CAS 



r 



^CAH. 



Column 2 



^AWD 



*cpw 




i-<T 



r \L 



Dout 1 



Ids 



tgWL 



"\ 



tjWD 



tDH 




tRCS 



t W p 



"t 



Din 2 



t^c 



tCPA 



*AA 



tCLZ 

1—1 



tOH 



tQFF 



-^ 



\ 



*ASC 



t 



kAS 



kAH 



Column N 



tAWD 



kpw 



r 



W\ 



-C 



x_ 



Dout 2 



Ids 



*RWL 



\ 



•^Wg 



tDH 



*RP 



_r 



j" 



/ 




tgWl^ 



t W P 



DinN 



kAC 



kPA 



*AA 



kLZ 



tOH 



*CRP 
< > 



V 




^r 



'tl. 



DoutN )" 



JT 




*OFF 



: Don't care 
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HM51 16100 Series 
• Test Mode Cycle 



RAS 



CAS 




Set Cycle*** 



Test Mode Cycle 







Reset Cycle 





Normal Mode 




* CBRor RAS only refresh 
: Don't care 



*** Address, Din : Don't care 



• Test Mode Set Cycle 



RAS 



CAS 



WE 



/ 



tRP 



V 



tRPC^ 




Address : 



tcp 



"\ 



kSR 



X 




twTS 



tRC 



tRAS 



JT 



1 



kHR 



twTH 



tRP 



«3^ 



A 

.21 



tcp 



%**+ 



\ 





Dout y. 




tpFF 



OPEN 



Don't care 
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HM51 16100 Series 



• Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 



RAS 



/ 



Address j 



Dout 



tRP 



\ 




tRC 



tRAS 



T 



kHR 



< >■ 



twRH 



tRP 



tRP£ 



^7/ 



tcp 



tCRP 






tpFF 



OPEN 



* K 



: Don't care 



RAS Only Refresh Cycle 



~i- 



RAS 



t T 



cm m 




Address : 



tCRP 




tRC 



"L 



x t A SR^ t RA H 



tRAS 



J 



tRP 



tRPT 




w 



^tCRP 



s 



Row 




Dout 



tQFF 



OPEN 



Refresh address A0-A11 (RA0-RA11) 
^ : Don't care 
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HM51 16100 Series 

CAS Before RAS Refresh Counter Check Cycle (Read) 



RAS 



/ 



tRP 



\ 



X 



tRPC^ 



CAS 




Address : 




WE 



Din 



tCP 



A 



tjCSR „ 




JOFF 



Dout z 




twRP 



tRAS 



T 



tgHR^ 



kPT 



A "\ 



Jf 



tWRH 



tRCS 




tRAC 



Use 



tRSH 



tCAS 



*CAH 



Column 




tAA 



*CAC 



tdZ 






tRP 



1 




« tcRP , 



tRRH, 



«£»* 




tpH 



t0FF 



Dout 



1 



: Don't care 
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HM51 16100 Series 



CAS Before RAS Refresh Counter Check Cycle (Write) 



RAS 



/ 



*RP 



X 



K 



— w 



CAS 




Address i 



tcp 



\ 



tgSR^ 





Din 




tRAS 



t 



tgn^ 



A 



kPT 



~^ 



Us£ 



tRSH 



*CAS 



*CAH 



Column 



^WRP twR^ < twCS > 





twCH 



JOS < t DH 



Din 



OPEN 



tRP 



t 



*CRP 






: Don't care 
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HM5116100L Series 



Low Power Version 



Product Preview 



16,777,2 16- Word x 1-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM51 16100 is a CMOS dynamic RAM organized 16,777,216 words x 
1-bit. It employs the most advanced CMOS technology for high performance and 
low power. The HM51 16100 offers Fast Page Mode as a high speed access mode. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 60 ns/70 ns/80 ns/1 00 ns (max) 

• Low Power Dissipation 

Active Mode 495 mW/440 mW/385 mW/330 mW (max) 

Standby Mode 11 mW (max) 

• Fast Page Mode Capability 

• Long Refresh Period 

4096 Refresh Cycles (256 ms) 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• Battery Back Up Operation 

■ ORDERING INFORMATION 



PRESCRIPTION 



HM5116100LJ Series 




(CP-24D) 


3DCP24D 


HM5116100LZ Series 




^|P^ 




(ZP-24) 


3DZP24 



Part No. 


Access Time 


Package 


HM5116100LJ-6 
HM5116100LJ-7 
HM5116100LJ-8 
HM5116100LJ-10 


60 ns 
70 ns 
80 ns 
100 ns 


400 mil 24-pin 
Plastic SOJ 
(CP-24D) 


HM5116100LZ-6 
HM5116100LZ-7 
HM5116100LZ-8 
HM5116100LZ-10 


60 ns 
70 ns 
80 ns 
100 ns 


475 mil 24-pin 
Plastic ZIP 
(ZP-24) 



Pin Name 


Function 


Ao-An 


Address Input 


Ao-An 


Refresh Address Input 


Din 


Data Input 


D out 


Data Output 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


v C c 


Power Supply ( + 5V) 


v ss 


Ground 


NC 


No Connection 



■ PIN 


OUT 




HM5116100LJ Series 


VccU 


=u^ 


28]v ss 


Din [T 




27JDout 


NC |T 




26] NC 


WE |T 




25JCAS 


RAS [T 




24] NC 


A11 [T 




23] A9 


M0 [T 




20] A8 


A oQo 




TF]A7 


A1 [7T 




Ti]A6 


A2 [TJ 




V7JA5 


A3 [i3 




T6]a4 


v cc[TI 




Tiijvss 






0102-1 


(Top View) 



HM5116100LZ Series 






1 A9 


NC 2 






NC 4 




3 CAS 




5 Dout 


V " 6 






7 v « 


Din 

8 






9 NC 


WE ,„ 




10 




11 RAS 


A11 ,^ 




12 






A0 




13 A, ° 


14 






A2 




15 A ' 


16 






V « 18 




17 A3 


A4 ^ 




.9 V « 


20 






A6 




21 A5 


22 






A8- 




23 A7 


24 






0102-2 


(Bottom View) 
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HM5116100L Series 



BLOCK DIAGRAM 



RAS 



CAS 

— r~ 



WE 



RAS 

Control 

Circuit 



CAS 

Control 

Circuit 



WE 

Control 

Circuit 



I 



I 



Address AO -All 























256k memory cell array 




Row 
decoder 

& 

driver 




256* memory cell array 








Sense amp & I/O but 


Sense amo ft I/O bus 






256V memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 




Sense imp & I/O bus 


Sense amp & I/O bus 




V 






256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 




Sense amo. ft I/O bus 


Sense amo. & I/O bus 




4* 






256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 




Sense amo. & I/O bus 


Sense amp & I/O bus 




T 






256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 




Sense amp. & I/O bus 


Sense amp & I/O bus 




2S6k memory cell array 


256k memory cell array 




256k memory cell array 


2S6k memory cell array 




Sense amp & I/O bus 


Sense amp ft I/O bus 




256k memory cell array 


2S6k memory cell array 




256k memory cell array 


256k memory cell array 




Sense amp & I/O bus 


Sense amp ft I/O bus 




256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 




Sense amp & I/O bus 


Sense amp. & I/O bus 




256k memory cell array 


256k memory cell array 


















Column decoder & driver 




Column decoder & driver 






T 














256k memory cell array 




Row 
decoder 

& 

driver 




2S6k memory cell array 




Sense amp & I/O bus 


Sense amo & I/O bus 


256k memory cell array 


256k memory cell array 


256k memory cell array 


256k memory cell array 


Sense amo ft I/O bus 


Sense amp ft I/O bus 


T 




256k memory cell array 


256k memory cell array 


256k memory celt array 


256k memory cell array 


Sense tmo. & I/O bus 


Sense amo & I/O bus 


256k memory cell array 


256k memory cell array 


256k memory cell vt*f 


256k memory cell array 


Sense imo. & I/O bus 


Sense amo & I/O bus 


256k memory cell array 


256k memory cell array 


256k memory cell array 


256k memory cell array 


Sense amp & I/O bus 


Sense amp & I/O bus 


256k memory cell array 


256k memory cell array 


256k memory cell array 


256k memory cell array 


Sense amp ft I/O bus 


Sense amp & I/O bus 


256k memory cell array 


256k memory cell array 


256k memory cell array 


256k memory cell array 


Sense amp & I/O bus 




256k memory cell array 


256k memory cell array 


256k memory cell array 


256k memory cell array 


Sense amp ft I/O bus 


Sense amp & I/O bus 






256k memory cell array 


256k memory cell array 






































r 1 -*AA*~ rr W 44** 






Row address buffer 



















Din Dout 



I/O buffer 
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HM5116100L Series 



I ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§s 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


w 


50 


mA 


Power Disspation 


P T 


1.0 


W 


Operating Temperature 


Topr 


Oto +70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A 



Oto +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


Vil 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgs- 

• DC Electrical Characteristics (T A = to + 70°C, V C c 



5V ±10%, V S s = 0V) 



Parameter 


Symbol 


HM51 16100-6 


HM5 116100-7 


HM5 116100-8 


HM51 16100-10 


Unit 


Test Condition 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


Icci 


— 


90 


— 


80 


— 


70 


— 


60 


mA 


tRC = Min 


1,2 




!CC2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH 
D out = High-Z 




Standby Current 


- 


300 


- 


300 


- 


300 


- 


300 


JLtA 


CMOS Interface 
RAS, CAS and WE > 
V C c - 0.2V, or < 6.5V 
Address and 
D in = Stable 
D out = High-Z 




RAS Only 

Refresh Current 


!CC3 


- 


90 


- 


80 


- 


70 


- 


60 


mA 


t RC = Min 


2 


Standby Current 


!CC5 


- 


5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH 
CAS = V IL 

D out = Enable 


1,4 


CAS Before RAS 
Refresh Current 


ICC6 


- 


90 


- 


80 


- 


70 


- 


60 


mA 


t RC = Min 


4 


Fast Page 
Mode Current 


ICC7 


- 


70 


- 


60 


- 


50 


- 


45 


mA 


tpc = Min 


1,3 


Battery Back-up 
Operating Current 
(Standby with 
CBR Refresh) 


Ice 10 


- 


500 


- 


500 


- 


500 


- 


500 


juA 


Standby: 
CMOS Interface 
CBR Refresh: 
t RC = 62.5 jits 
tRAS ^ 1 f*s 
Address and 
D in = Stable 
D out = High-Z 


5 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V in < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


JLtA 


0V < V out < 7V 
Dout = Disable 
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HM5116100L Series 



• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = OV) (continued) 



Parameter 


Symbol 


HM51 16100-6 


HM5 116100-7 


HM5 116100-8 


HM51 16100-10 


Unit 


Test Condition 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Output High Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


High I out = -5mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice max ls specified at the output open condition. 

2. Address can be changed once or less while RAS = Vjl- 

3. Address can be changed once or less while CAS = Vjh- 

4. Clock voltages (RAS and CAS) must be applied simultaneously with or prior to applying supply voltage. 

5. V C c ~ 0.2V < V IH < 6.5V, 0V < V IL < 0.2V. 

• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address, Data-in) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Cn 


— 


7 


pF 


1 


Output Capacitance (Data-out) 


Co 


— 


7 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 

• AC Characteristics (T A = to 70°C, V C c = 5V ±10%, V S s = 0V) 1 - 2 > 16 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM5116100-6 


HM51 16100-7 


HM51 16100-8 


HM5116100-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Max 


Max 


Random Read or Write Cycle Time 


tRC 


110 


— 


130 


— 


150 


— 


180 


— 


ns 




RAS Precharge Time 


tRP 


40 


— 


50 


— 


60 


— 


70 


— 


ns 




CAS Precharge Time 


*CP 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


15 


10000 


18 


10000 


20 


10000 


25 


10000 


ns 




Row Address Setup Time 


tASR 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Column Address Setup Time 


tASC 





— 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


15 


— 


15 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


45 


20 


52 


20 


60 


20 


75 


ns 


3 


RAS to Column Address Delay Time 


tRAD 


15 


30 


15 


35 


15 


40 


15 


55 


ns 


4 


RAS Hold Time 


tRSH 


15 


— 


18 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


tCSH 


60 


— 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


5 


— 


5 


— 


5 


— 


5 


— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


30 


3 


30 


3 


30 


3 


30 


ns 


5 




Read Cycle 



Parameter 


Symbol 


HM5116100-6 


HM5 116100-7 


HM51 16100-8 


HM51 16100-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


ns 


6, 7, 17 


Access Time from CAS 


tCAC 


— 


15 


— 


18 


— 


20 


— 


25 


ns 


7, 8, 17 


Access Time from Address 


tAA 


— 


30 


— 


35 


— 


40 


— 


45 


ns 


7, 9, 17 


Read Command Setup Time 


tRCS 





— 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 





— 


ns 


10 


Read Command Hold Time to RAS 


tRRH 


5 


— 


5 


— 


5 


- 


5 


— 


ns 


10 
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HM5116100L Series 



Read Cycle (continued) 



Parameter 


Symbol 


HM51 16100-6 


HM51 16100-7 


HM5 116100-8 


HM51 16100-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Column Address to RAS Lead Time 


tRAL 


30 


— 


35 


— 


40 


— 


45 


— 


ns 




Column Address to CAS Lead Time 


tCAL 


30 


— 


35 


— 


40 


— 


45 


— 


ns 




CAS to Output in Low-Z 


tCLZ 





— 





— 





— 





— 


ns 




Output Data Hold Time 


tOH 


3 


— 


3 


— 


3 


— 


3 


— 


ns 




Output Buffer Turn-off Time 


tQFF 


— 


15 


— 


18 


— 


20 


— 


25 


ns 


11 


Write Cycle 


Parameter 


Symbol 


HM51 16100-6 


HM5 116100-7 


HM5 116100-8 


HM5116100-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 





— 


ns 


12 


Write Command Hold Time 


t\VCH 


15 


— 


15 


— 


15 


— 


15 


— 


ns 




Write Command Pulse Width 


t\VP 


15 


— 


15 


— 


15 


— 


15 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


15 


— 


18 


— 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


15 


— 


18 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 


o "1 


— 





— 


ns 


13 


Data-in Hold Time 


tDH 


15 


— 


15 


— 


15 


— 


15 


— 


ns 


13 


Read-Modify-Write Cycle 


Parameter 


Symbol 


HM5116100-6 


HM5 116100-7 


HM5 116100-8 


HM51 16100-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


130 


— 


153 


— 


175 


— 


210 


— 


ns 




RAS to WE Delay Time 


tRWD 


60 


— 


70 


— 


80 


— 


100 


— 


ns 


12 


CAS to WE Delay Time 


tcWD 


15 


— 


18 


— 


20 


— 


25 


— 


ns 


12 


Column Address to WE Delay Time 


*AWD 


30 


— 


35 


— 


40 


— 


45 


— 


ns 


12 


Refresh Cycle 


Parameter 


Symbol - 


HM51 16100-6 


HM51 16100-7 


HM5 116100-8 


HM5116100-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 
(CBR Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CBR Refresh Cycle) 


tCHR 


20 


- 


20 


- 


20 


- 


20 


- 


ns 




WE Setup Time 
(CBR Refresh Cycle) 


tWRP 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




WE Hold Time 
(CBR Refresh Cycle) 


tWRH 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 





— 





— 





— 





— 


ns 




Fast Page Mode Cycle 


Parameter 


Symbol 


HM51 16100-6 


HM5116100-7 


HM5116100-8 


HM5116100-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


40 


— 


45 


— 


50 


— 


55 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASP 


— 


100000 


— 


100000 


— 


100000 


— 


100000 


ns 


14 


Access Time from CAS Precharge 


tCPA 


— 


35 


— 


40 


— 


45 


— 


50 


ns 


15,17 


WE Delay Time from CAS Precharge 


tCPW 


35 


— 


40 


— 


45 


— 


50 


— 


ns 




RAS Hold Time from CAS Precharge 


' t C pRH 


35 


— 


40 


— 


45 


— 


50 


- 


ns 
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Fast Page Mode Read-Modify-Write Cycle 




















Parameter 


Symbol 


HM51 16100-6 


HM51 16100-7 


HM51 16100-8 


HM5116100-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Read-Modify- 
Write Cycle Time 


tpRWC 


60 


- 


68 


- 


75 


- 


85 


- 


ns 





Test Mode Cycle 
























Parameter 


Symbol 


HM51 16100-6 


HM5116100-7 


HM5116100-8 


HM51 16100-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Test Mode WE Setup Time 


*WTS 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Test Mode WE Hold Time 


t\VTH 


10 


— 


10 


— 


10 


— 


10 


— 


ns 





Counter Test Cycle 
























Parameter 


Symbol 


HM51 16100-6 


HM51 16100-7 


HM5116100-8 


HM5116100-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Precharge Time in 
Counter Test Cycle 


tCPT 


TBD 


- 


TBD 


- 


TBD 


- 


TBD 


- 


ns 





Refresh (Tj = 85°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Max 


Unit 


Note 


Refresh Period 


tREF 


256 


ms 


4096 Cycles 




Notes: 1. AC measurements assume tj = 5 ns. 

2. An initial pause of 100 jas is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS only refresh or CAS before RAS refresh). If the internal refresh counter is used, a minimum of 
eight CAS before RAS refresh cycles are required. 

3. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only; 
if tRCD i s greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAO 

4. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only; 
if tRAD i s greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

5- Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vih (min) and Vtl (max). 

6. Assumes that tRCD < tRCD (max) and tRAD < tRAD (max). If tRCD or tRAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

7. Measured with a load circuit equivalent to 2TTL loads and 100 pF. 

8. Assumes that tRcr> ^ Ircd (max) and tRAD - tRAD (max). 

9. Assumes that tRCD ^ tRCD (max) and tRAD - tRAD (max). 

10. Either tRCH or tRRH must be satisfied for a read cycle. 

11. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

12. twcs> tRWD> tcwD» tAWD an d tcpw ar e not restrictive operating parameters. They are included in the data sheet as electri- 
cal characteristics only; if twcs - twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tRWD - tRWD (min), tcwD - tcwD (min) and tAWD - 
tAWD (min), or tcwD - tcwD (min), tAWD - tAWD (min), and tcpw ^ tcpw (min), the cycle is a read-modify-write and 
the data output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the 
condition of the data out (at access time) is indeterminate. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-write cycles. 

14. tRASP defines RAS pulse width in fast page mode cycles. 

15. Access time is determined by the longer of tAA or tcAC or tcPA- 

16. Test mode operation specified in this data sheet is 16 bits test fu nctio n co ntroll ed by compr ession addresses — CA0, CA1, 
CA10 and CA11. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh 
during test mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of sixteen 
test bits accord with each other, the state of the output data is high level. When the state of test bits do not accord with 
each other, the state of the output data is low level. Data output pin is D out and data input pin is D m . If any refresh cycle is 
occurred, the test mode is reset. 

17. In a test mode read cycle, the value of tRAO tAA> tcAC an d tcPA * s delayed by 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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HM5116100L Series 



■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS 



Address 



WE 



Dout 



i- 



\ 



X 




^ASR 



tRC 



Row 



X. 




*RAS 



J" 



r 



*CSH 



tRCD 



\ 



*RAD 



tRAjH 



"t_ 



*RCS -<■ 



tRAC 



Use 



*RSH 



tcAS 



"V. 



J" 



7" 



tRAL 



tCAL 



Jm. 



Column 



*AA 



, ^AC . 



< =->. 



tCLZ 



tCRP 



<i«L^ 




tRRH 



tRCH 




tOH 



JOFF 



K-C 



Dout j- 



: Don't care 



572 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM5116100L Series 



> Early Write Cycle 



RAS 



\ 



X 



CAS 



Address % 




tRC 



^AS£. tj^. 



*RAS 



t 



*CSH 



tRCD 



\ 



Row 



Din 



Dout 



tA^ 



*RSH 



kAS 



"V. 



f 



tCRP 



J 



*CAH 




Jwcs 




< tDS > c tDH > 



twCH 



Din 



OPEN* 



tRp 

-< *- 



J" 






: Don't care 



** twcs^twcsC™^) 
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HM5116100L Series 



> Delayed Write Cycle 



RAS 



\ 



X 



CAS 



Address 




tASR 



tRC 



*RAS 



A 

_7~ 



kSH 



*RCP 



I 



tj^i 



Row 



Din 



Dout 




Use 



tRSH 



*CAS 



T 



^CAtJ. 



Column 




*RC$^ 




"\ 



tDS 



tcWL 



tRWL 




J^ 



"L 






Din 



*i^ 



< tRp > 



tCRP 



\ 





t0FF 



Invalid 
~Dout 



-y 



*W> 



: Don't care 
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HM5116100L Series 



1 Read-Modify-Write Cycle 



RAS 



CAS 



Address 



WE 



Din 



Dout 



">- 



V 



X 




*ASR 



tRWC 



Row 





tRAS 



/ 



tRCD 



* 



tRAD 



tRAH 




*RAC 



t^_ 



kAS 



r 



Jc^ 



Column 



tRrs 



, *AA 



tCLZ 




tAWD w 



tRWD 



tDS 



"\ 



tcWL 



tRWL 



twp 



*DH 



Din 



JCA^ 



t-RP 

-4 >» 



tCRP 



*OH 



tQFF 



Dout 



> 



V 





: Don't care 
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HM5116100L Series 



► RAS Only Refresh Cycle 



RAS 



X 



CAS 



m 



Address 



< tcRP > 




tRC 



tRAS 



r 



tRP 



^_ 



tRPC 




tgR^ 



^ASR t RA H 



Row 




tgF^ 



Dout 




OPEN 



WE : Don't care 

^ : Don't care 



Refresh address : AO - A 11 (RAO - RA 1 1 ) 
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HM5116100L Series 



• CAS Before RAS Refresh Cycle 



RAS 



/ 



*RP 



\ 



i5Et 



_ m 

CAS 



WE 



Address 



Dout 



< tCP > 



1 



t«R^ 



twRP 




tgFF^ 



tRC 



"\_ 



tRAS 



F 



&£+ 



tRP 



\ 



-M- 



A 



« — *U 



Jl 



\ 



kSR 



twRH 



tWRP 




tRC 



*RAS 



/ 



tRP 



kHR 



kRP 



r 



t\A/RH 



OPEN 





: Don't care 
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HM5116100L Series 



• Hidden Refresh Cycle 



RAS 



\. 



X 



CAS 



Address / 



WE 



Dout 



Usr 



tRC 



Row 



tRAS 



J' 



t 



tRCD 



}. 



\ 



. tRAD 



W 



Ujc 




*RCS 



tRAC 



tRSH_^ 



tRAL 



-ist 



^_ 



tRC 



V 



tRAS 



^tcAH^ 



Column 



tAA 



tCLZ 



^ 



-SPt 



tRC 



Dout 



tRAS 



t \ 1 



1 



tCHR 




^CRP^ 



tRRH 
tRCH 




tp^ 



toFF 

■< — > 



~^_ 



jf 



: Don't care 
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HM5116100L Series 



> Fast Page Mode Read Cycle 



>L 



RAS 



X 



CAS 



Address : 



tASR 



Row 



WE 




Dout 



tRASP 



kSH 



*RCD 



~\ 



\ 



tRAD 



tRAH 
< > 




*RAC 



tASC 



^CAS^ 



I ~\ 



*CAL 



*& 



Column 1 



*RCS 



*AA 



*RCH 



^ 



tCLZ 



tpc 



tCP 




Use 



~\ 7 



^s_> 



r 



tCAL 



&V. 



Column 2 



*RCS 



If 

*CPA 



*AA 



tQH 
tgFF^ 






Dout 1 



tRCH 



^ 



tCLZ 



> 



'A 



tCPRH 



tCP 



V 



'"L 



tQH 



Use 



JfSH^ 



*CAS 



tRAL 



tCAL 



t£AH 



Column N 



tRCS 



If 

tCPA 



*AA 



tgF^ 



Dout 2 _^ 



tRP 



~i- 



2 



tCAC^ 



l CLZ 




tCRP 



*RRtH 



i2£H. 




tQH 



tg^ 



DoutN } 



: Don't care 
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HM5116100L Series 



• Fast Page Mode Early Write Cycle 



RAS 



\_ 



X 



CAS 



Address : 



Usr t <RA H 



tRASP 



k$H 



*RCD 



"i 



Row 



WE 



Din 



Dout 




*ASC 
< > 



^CAS^ 



tpc 



^^ 



t "\ 



JC 



t^ 



Column 1 




tyvcs^ 




4a -H 



JT 




Use 



^CAS^ 



A 



kP 



tgAH 



Column 2 



twcH 




*wcs 



Din1 




fo^ tpH 



JT 




*ASC 
< > 



Jm. 



JtCAS 



A 



tRP 



f 

j- 



4at 



t^AH 



Column N 



twcH 




tyvCS^ 



Din 2 




^ ^ 



twCH 



DinN 



~K_ 




OPEN** 





: Don't care 



** t w cs-t w cs(min) 
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HM5116100L Series 



• Fast Page Mode Delayed Write Cycle 



RAS 



\ 



X 



CAS 



Us* 



Address : 



tRASP 



1 



*CSH 



jtRCD 



+J™+ 



i. 



\ 



W 



Row 



WE 



Din 



Dout 




Use 



"L 



t \ 



^ 



Column 1 




tRCS 



&. 




Y 



im. 




jw. 



tDH. 



t. 



Din1 



Jf* 



-C 



Tv 



tpc 



tcp 



Use 



"L 



kAS^ 



/ '* 



tea. 



Column 2 



jRg. 



r 



r 




!P5. 



"\ 



*cw^ 

t W p 




" A 



tDH 



Din 2 



tgFF^ 



Invalid 



Dout 



tcp 



** >> 



Use 



J^RSH, 



tCAS 



tgji 



Column N 



^RCS 



/" "\ 



^ 



tRWL 



kWL 



< tRP > 




. *WP^ 



"L. 



tp£ 




i&t j?e^ i&^ 



-- Invalid "^ 



- K D ° Ut 7 T 



i- 



JSE 



V 



_r 




tQFF^ 



invalid 



Dout 



^ 



: Don't care 
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HM5116100L Series 



• Fast Page Mode Read-Modify-Write Cycle 



"N. 



RAS 



\ 



X 



CAS 



to 



Address : 



"L 



Row 



t W p 




Din 



*RASP 



/V. 



*RCD 



\ 



tRAD 



tRAH 



Us^ c 




*RCS 
*RWD 



t-AWD 




tRAC 



JCAS_^ 



f^\ 



tCAH 



Column 1 



tg 



tgWL 



t^WD 



tDH 




tRGS 



twp 



Din 1 



Ua 



kA^C 



tCLZ 



Dout 



tOH 



M 



tQFF 



tpRWC 



*i^ 



Use 



''t. 



-£*5_^ 



./" 



4CA^ 



Column 2 



^av 



tepw 



§1 



/r ^. 



Dout 1 



tgs 



Jcv 



"\ 



ty/vg 



tDH 




tRCS 



twp 



"V 



Din 2 



tgc 



tCPA 



Va 



tCLZ 



> 



'% 



k)H 



-4 



tQFF 



tCR 



\. 



Use 



/ 



tCAS 



JCAI 



Column N 



tAWD 



kpw 



W\ 



Dout2 } 



Ids 



tRWL 



\ 



tgwp 



tOH 



< tRp > 




t,CWL 

twp 



DinN 



t^c 



*CPA 



^A 



tCLZ 



tQH 



.r 



iat 



II 





)(_ DoutN ^ 



tQFF 



: Don't care 
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HM5116100L Series 



• Test Mode Cycle 



RAS 



CAS 



Set Cycle*** 



Test Mode Cycle 









Reset Cycle Normal Mode 





* CBRo r RAS only refresh 
: Don't care 



Address, Din : Don't care 



1 Test Mode Set Cycle 



RAS 



CAS 



WE 



I 



tRP 



\ 



JRPCL 




Address : 



tCP 



"V 



ksR 



X 




tWTS 



tRC 



< *5* > 



tCHR 



j: 



*WTH 



tRP 



J*K* 



AT 



/ 



kp 




Jgu^ 





Dout 




tOFF 



OPEN 



: Don't care 
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HM5116100L Series 



• Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 



RAS 



— 1 
CAS 



WE 




Address \ 



Dout 



tRP 



W£ 



^. 



tCP 



X 



"C 




twRP 



tRC 



tRAS 



1 



< tcHR > 



twRH 



tRP 



"*. 



tRPg 



T 



tCP 



tcRP 







tpFF 



OPEN 



* v%vx '• Don 't care 



RAS Only Refresh Cycle 



RAS 



CAS 



Address 



Dout 



t T 





tCRP 



tRC 



tASR tRAH 



tRAS 



JT* 



;■ 



tRP 



^ 



YfflZfflftt 



^ 



S 



Row 




tOFF 



OPEN 



Refresh address A0-A1 1 (RA0-RA1 1) 
Don't care 
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HM5116100L Series 



CAS Before RAS Refresh Counter Check Cycle (Read) 



RAS 



I 



tRP 



"\ 



X 



K 



CAS 




Address : 




WE 



Din 



kp 



\ 



t£5R^ 




^toFF_^ 



Dout % 




tyVRP 



tRAS 



;• 



j- 



tCHR^ 



t 



kPT 



\. 



twRH 



tRCS 



tRAC 



US£ 



*RSH 



*CAS 



^tcA^ 



Column 




*aa 



*CAC 



KLZ 



'TL 



tRP 




< tcRP > 



^RRH 



J™+ 




tOH 



^°£U 



Dout 



> 



*^ 



: Don't care 
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HM5116100L Series 



CAS Before RAS Refresh Counter Check Cycle (Write) 



RAS 



*RP 



"V 



^tRPC^ 



CAS 




Address : 




WE 



Din 



kp 



A 



X 

ICSR^ 



1L 





"L 



^WRP *WRfl 



tRAS 



A 



^ 



I 



kPT 



i- 



1& 



tRSH 



kAS 



"\_ 



Jm* 



Column 




^twcs^ 




M 



twCH 



*DH 



Din 



OPEN 



tRP 




tCRP 





: Don't care 
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HM51 16400 Series 

4,1 94,304- Word x 4-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM51 16400 is a CMOS dynamic RAM organized 4,194,304 words x 
4 bits. It employs the most advanced CMOS technology for high performance and 
low power. The HM51 16400 offers Fast Page Mode as a high speed access mode. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 

• Low Power Dissipation 

Active Mode 

Standby Mode 

• Fast Page Mode Capability 

• Long Refresh Period 

4096 Refresh Cycles 

• 3 Variations of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

Hidden Refresh 

■ ORDERING INFORMATION 



Product Preview 



.60 ns/70 ns/80 ns/100 ns (max) 



.495 mW/440 mW/385 mW/330 mW (max) 
11 mW(max) 



.(64 ms) 



Part No. 


Access Time 


Package 


HM5116400J-6 
HM5116400J-7 
HM5116400J-8 
HM5116400J-10 


60 ns 
70 ns 
80 ns 
100 ns 


400 mil 24-pin 
Plastic SOJ 
(CP-24D) 


HM5116400Z-6 
HM5116400Z-7 
HM5116400Z-8 
HM5116400Z-10 


60 ns 
70 ns 
80 ns 
100 ns 


475 mil 24-pin 
Plastic ZIP 
(ZP-24) 



PIN DESCRIPTION 



Pin Name 


Function 


Ao-An 


Address Input 


Ao-An 


Refresh Address Input 


I/O0-I/O4 


Data Input/Data Output 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Write Enable 


OE 


Output Enable 


v C c 


Power ( + 5V) 


v S s 


Ground 


NC 


No Connection 



HM5116400J Series 




(CP-24D) 



HM5116400Z Series 




■ PIN OUT 




HM5116400J Series 


v C c(T 


=^y^= 


28JV SS 


1/01 [T 




27JI/04 


I/02JT 




26JI/03 


WE |~4~ 




25 1 CAS 


RAS[T 




24] bT 


A11 [T 




23J A9 


A10 [T 




20] A8 


A 0[^ 




J9]A7 


A1 [TT 




11] A6 


A2 [TI 




j7)A5 


A3 [77 




T6JA4 


v cc[[7 




H]Vss 






0101-1 


(Top View) 



(ZP-24) 




HM5116400Z Series 

I A9 
3 CAS 
5 I/04 

7 V <* 

9 I/02 

II ™ 

,0 A10 



Vss 



OE 2 


' t T 


I/03 A 
4 


JP 


V " 6 


3 13 


I/O! g 


3 -1 


WE ,0 


3 -1 




3 -1 


A ° ,4 


^ 


A2 ,6 


3 -1 


V « ,8 


3 -1 


A4 20 


3 -1 


A6 22 


3^ 


A8 24 


3H 



(Bottom View) 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



587 



HM51 16400 Series 



BLOCK DIAGRAM 



























































RAS 




CAS 






WE 




OE 








i 








i 








+ 








i 








RAS 

Control 

Circuit 




CAS 

Control 

Circuit 




WE 

Control 

Circuit 




OE 

Control 

Circuit 








I 




I 




I 




I 










256k memory cell array 




Row 
decoder 

& 

driver 




256k memory cell array 


<- 

<r 




Sense amp & I/O bus 


Sense amp & I/O bus 






256k memory cell array 


256k memory cell array 


256k memory cell array 


256k memory cell array 


Seme amo & I/O bus 


Sense amp & I/O bus 












256k memory cell array 


256k memory cell array 




I/O buffer 


<-► 


1/04 




256k memory cell array 


256k memory cell array 


Sense amo. & I/O bus 


Sense amo & I/O bus 












256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 


Sense amo & I/O bus 


Sense amp & I/O bus 


256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 


Sense amo & I/O bus 


Sense amp. & I/O bus 






256k memory cell array 


256k memory cell array 


256k memory cell array 


256k memory cell array 


Sense amo & I/O bus 


Sense amp & I/O bus 












256k memory cell array 


256k memory cell array 




I/O buffer 


<-► 


1/03 




256k memory cell array 


2S6k memory cell array 




Sense amp & I/O bus 


Sense amp & I/O bus 












256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 


Sense amo & I/O bus 


Sense amp & I/O bus 


256k memory cell array 


256k memory cell array 
























Column decoder & driver 




Column decoder & driver 


























256k memory cell array 




Row 
decoder 

& 

driver 




256k memory cell array 


<- 


5enseamo & I/O bus 


Sense amo a I/O bus 






256k memory cell array 


256k memory cell array 


256k memory cell array 


256k memory cell array 


Sense am© & I/O bus 


Sense amp & I/O bus 


256k memory cell array 


256k memory cell array 








— > 


I/O buffer 


4-±\ ur\-> 1 


256k memory cell array 


256k memory cell array 


* ' l/u2 


Sense amo & I/O bus 


Sense amo & I/O bus 








256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 


Sense amo & I/O bus 


Sense amo & I/O bus 


256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 


Sense amo & I/O bus 


Sense amp & I/O bus 






256k memory cell array 


256k memory cell array 


256k memory cell array 


256k memory cell array 


Sense amp & I/O bus 


Sense amp & I/O bus 












256k memory cell array 


256k memory cell array 


— > 


I/O buffer 


<-> 


1/01 




256k memory cell array 


256k memory cell array 


Sense amo 6 I/O bus 


Sense amo & I/O bus 












256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 


Sense amp & i/o bus 


S"nse amo & "0 bus 


256k memory cell array 


256k memory cell array 






















- Column address buffer 






Row address buffer 
















I 




T 














A0-A9 


| Address AO -A 11 


1 A0-A11 














































0101-3 



588 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM51 16400 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V$s 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vgs 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


Topr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



I ELECTRICAL CHARACTERISTICS 

» Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vm 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


Vil 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vss- 

• DC Electrical Characteristics (T A = to +70°C, V cc = 5V ±10%, V S s = 0V) 





Symbol 


HM5116400J/Z 


Unit 


Test Conditions 




Parameter 


-6 


-7 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating Current 


kci 


— 


90 


— 


80 


— 


70 


— 


60 


mA 


t R c = Min 


1,2 


Standby Current 


J CC2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH 
D out = High-Z 




- 


■ 


- 


1 


- 


1 


- 


1 


mA 


CMOS Interface 

RAS, CAS > V CC - 0.2V 

D out = High-Z 




RAS Only Refresh 
Current 


!CC3 


- 


90 


- 


80 


- 


70 


- 


60 


mA 


tRc = Min 


2 


Standby Current 


ICC5 


- 


5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH 
CAS = Vil 
D out = Enable 


1,4 


CAS Before RAS 

Refresh Current 


ICC6 


- 


90 


- 


80 


- 


70 


- 


60 


mA 


t RC = Min 


4 


Fast Page Mode 
Current 


ICC7 


- 


70 


- 


60 


- 


50 


- 


45 


mA 


tpc — Min 


1,3 


Input Leakage 
Current 


In 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


jaA 


0V < V IN < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V out < 7V 
D out = Disable 




Output High Voltage 


VOH 


2.4 


Vcc 


2.4 


v C c 


2.4 


Vcc 


2.4 


v C c 


V 


High I out = - 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 






Notes: 1. Ice depends on output load condition whe n the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed once or less while RAS = Vil- 

3. Address can be changed once or less while CAS — Vm- 

4. Clock voltages (RAS and CAS) must be applied simultaneously with or prior to applying supply voltage. 
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HM51 16400 Series 

• Capacitance (T A = 25°C, Vcc = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


Cl2 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


Co 


— 


10 


pF 


1,2 



Notes: 



1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = V IH to disable D out . 



• AC Characteristics (T A = to + 70°C, V C c = 5V ±10%, V S s = 0V)L 2, 3, 19, 20 
Read, Write Read-Modify-Write and Refresh Cycles (Common Parameters) 





Symbol 


HM5116400J/Z 


Unit 




Parameter 


-6 


-7 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Random Read or Write Cycle Time 


tRC 


110 


— 


130 


— 


150 


— 


180 


— 


ns 




RAS Precharge Time 


tRP 


40 


— 


50 


— 


60 


— 


70 


— 


ns 




CAS Precharge Time 


*CP 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


15 


10000 


18 


10000 


20 


10000 


25 


10000 


ns 




Row Address Setup Time 


USR 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 





— 





— 


ns 




Column Address Hold Time 


*CAH 


15 


— 


15 


— 


15 


— 


15 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


45 


20 


52 


20 


60 


20 


75 


ns 


4 


RAS to Column Address Delay Time 


tRAD 


15 


30 


15 


35 


15 


40 


15 


55 


ns 


5 


RAS Hold Time 


*RSH 


15 


— 


18 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


tCSH 


60 


— 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


5 


— 


5 


— 


5 


— 


5 


— 


ns 




OE to Din Delay Time 


*OED 


15 


— 


18 


— 


20 


— 


25 


— 


ns 


6 


OE Delay Time from Din 


*DZO 





— 





— 





— 





— 


ns 


7 


CAS Delay Time from Din 


tDZC 





— 





— 





— 





— 


ns 


7 


Transition Time (Rise and Fall) 


t T 


3 


30 


3 


30 


3 


30 


3 


30 


ns 


8 



Read Cycle 





Symbol 


HM5116400J/Z 


Unit 




Parameter 


-6 




7 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


ns 


9, 10, 21 


Access Time from CAS 


tCAC 


— 


15 


— 


18 


— 


20 


— 


25 


ns 


10,11,21 


Access Time from Address 


*AA 


— 


30 


— 


35 


— 


40 


— 


45 


ns 


10, 12, 21 


Access Time from OE 


tOEA 


— 


15 


— 


18 


— 


20 


— 


25 


ns 


10,21 


Read Command Setup Time 


tRCS 





— 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 





— 


ns 


13 


Read Command Hold Time to RAS 


*RRH 


5 


— 


5 


— 


5 


— 


5 


— 


ns 


13 


Column Address to RAS Lead Time 


*RAL 


30 


— 


35 


— 


40 


— 


45 


— 


ns 




Column Address to CAS Lead Time 


tCAL 


30 


— 


35 


— 


40 


— 


45 


— 


ns 




CAS to Output in Low-Z 


tCLZ 





— 





— 





— 





— 


ns 
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Read Cycle (continued) 





Symbol 


HM5116400J/Z 


Unit 




Parameter 


-6 


-7 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Output Data Hold Time 


tOH 


3 


— 


3 


— 


3 


— 


3 


— 


ns 




Output Data Hold Time from OE 


tOHO 


3 


— 


3 


— 


3 


— 


3 


— 


ns 




Output Buffer Turn-off Time 


*OFF 


— 


15 


— 


18 


— 


20 


— 


25 


ns 


14 


Output Buffer Turn-off Time to OE 


tOEZ 


— 


15 


— 


18 


— 


20 


— 


25 


ns 


14 


CAS to Din Delay Time 


tCDD 


15 


— 


18 


— 


20 


— 


25 


— 


ns 


6 


Write Cycle 




Symbol 


HM5116400J/Z 


Unit 




Parameter 


-6 


-7 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Write Command Setup Time 


twcs 





— 





— 





— 





— 


ns 


15 


Write Command Hold Time 


twCH 


15 


— 


15 


— 


15 


— 


15 


— 


ns 




Write Command Pulse Width 


*WP 


15 


— 


15 


— 


15 


— 


15 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


15 


— 


18 


— 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


15 


— 


18 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 





— 


ns 


16 


Data-in Hold Time 


*DH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 


16 


Read-Modify-Write Cycle 




Symbol 


HM5116400J/Z 


Unit 




Parameter 


-6 


-7 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Mm 


Max 


Min 


Max 




Read-Modify-Write Cycle Time 


tRWC 


150 


— 


176 


— 


200 


— 


245 


— 


ns 




RAS to WE Delay Time 


tRWD 


80 


— 


93 


— 


105 


— 


135 


— 


ns 


15 


CAS to WE Delay Time 


tCWD 


35 


— 


41 


— 


45 


— 


60 


— 


ns 


15 


Column Address to WE Delay Time 


*AWD 


50 


— 


58 


— 


65 


— 


80 


— 


ns 


15 


OE Hold Time from WE 


tOEH 


15 


— 


18 


— 


20 


— 


25 


— 


ns 




Refresh Cycle 




Symbol 


HM5116400J/Z 


Unit 




Parameter 


-6 


-7 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




CAS Setup Time 
(CBR Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CBR Refresh Cycle) 


tCHR 


20 


- 


20 


- 


20 


- 


20 


- 


ns 




WE Setup Time 
(CBR Refresh Cycle) 


tWRP 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




WE Hold Time 
(CBR Refresh Cycle) 


tWRH 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 





— 





— 





— 





— 


ns 
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HM51 16400 Series — 
Fast Page Mode Cycle 





Symbol 


HM5116400J/Z 


Unit 




Parameter 


-6 


-7 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Fast Page Mode Cycle Time 


tpc 


40 


— 


45 


— 


50 


— 


55 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASP 


— 


100000 


— 


100000 


— 


100000 


— 


100000 


ns 


17 


Access Time from CAS Precharge 


tCPA 


— 


35 


— 


40 


— 


45 


— 


50 


ns 


18,21 


WE Delay Time from CAS Precharge 


tCPW 


55 


— 


63 


— 


70 


— 


85 


— 


ns 




RAS Hold Time from CAS Precharge 


tCPRH 


35 


— 


40 


— 


45 


— 


50 


— 


ns 





Fast Page Mode Read-Modify-Write Cycle 






















Symbol 


HM5116400J/Z 


Unit 




Parameter 


-6 


-7 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Fast Page Mode Read-Modify-Write 
Cycle Time 


tpRWC 


80 


- 


91 


- 


100 


- 


110 


- 


ns 





Test Mode Cycle 


























Symbol 


HM5116400J/Z 


Unit 




Parameter 


- 


6 




7 




8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Test Mode WE Setup Time 


tWTS 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Test Mode WE Hold Time 


tWTH 


10 


— 


10 


— 


10 


— 


10 


— 


ns 





Counter Test Cycle 


























Symbol 


HM5116400J/Z 


Unit 




Parameter 


-6 


-7 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




CAS Precharge Time in 
Counter Test Cycle 


*CPT 


TBD 


- 


TBD 


- 


TBD 


- 


TBD 


ns 







Refresh (Tj = 85°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Max 


Unit 


Note 


Refresh Period 


tREF 


64 


ms 


4096 Cycles 
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Notes: 1. AC measurements assume ty = 5 ns. 

2. An initial pause of 100 jus is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS only Refresh or CAS before RAS Refresh). If the internal refresh counter is used, a minimum of 
eight CAS before RAS refresh cycles are required. 

3. Only row address is indispensable on address A 10 and All. 

4. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRcr) (max) limit, then access time is controlled exclusively by tcAC- 

5. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

6. Either tQDD or tcDD must be satisfied. 

7. Either tDZO or tDZC must be satisfied. 

8. Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vih (min) and Vjl (max). 

9. Assumes that tRCD < tRCD (max) and tRAD < tRAD (max). If tRCD or tRAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

10. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

11. Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max). 

12. Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max). 

13. Either tRCH o r tRRH must be satisfied for a read cycle. 

14. tQFF (max) and tQEZ (max) define the time at which the outputs achieve the open circuit condition and are not referenced 
to output voltage levels. 

15. twcs> tRWD> tcwD» tAWD an d tcpw are not restrictive operating parameters. They are included in the data sheet as electri- 
cal characteristics only; if t\ycs - twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tRWD - tRWD (min), tcwD ^ tcwD (min) and tAWD - 
tAWD (min), or tcwD - tcwD (min), tAWD ^ tAWD (min) and tcpw ^ tcpw (min) the cycle is a read-modify-write and 
the data output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the 
condition of the data out (at access time) is indeterminate. 

16. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-write cycles. 

17. tRASP defines RAS pulse width in fast page mode cycles. 

18. Access time is determined by the longer of tAA or tcAC or tcPA- 

19. In delay write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

20. Test mode operation specified in this data sheet is 16 bits test function controlled by compression addresses . . . CA0 and 
CA1. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of four test bits on 
each I/O accord with each other, the state of the output data on the I/O is high level. When the state of four test bits on 
the I/O do not accord with each other, the state of the output data on the I/O is low level. Data input and output pins are 
I/O1-I/O4. If any refresh cycle is occurred, the test mode is reset. 

21. In a test mode read cycle, the value of tRAO tAA> tcAC an d tcPA * s delayed by 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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I TIMING WAVEFORMS 
1 Read Cycle 



RAS 



V 



X 



CAS 



Address 




lm> 



tRC 



.r 



TL 



Row 



WE 




Din 




OE 



Dout 



tRAS 



/ \ 



kSH 



*RCD 



"H- 



. tRAD 



tRAH 




tRCS 




*RAC 



Use 



tRSH 



tCAS 



1 



*RAL 



kAL 



£*± 



Column 



tp^c 



t DZO 



tAA 




OPEN 



tOE/> 



. l CAC 



tCLZ 



k-i 



kRP 



tRCH 



*RP 




kOD 



< to£D > 





im+ 



tOH 

■< >• 



Dout \ 



tOHO 



* Y////A : Don't care 



^ :1 
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• Early Write Cycle 



RAS 



X 



CAS 



Address 




tRC 



^ tg^ 



tRAS 



T 



A 



kSH 



*RCD 



"v. 



Row 



X 



Din 



Dout 




tA^ 



*RSH 



tCAS 



I 



tCRP 



tRP 

< >■ 



*^t 



Column 




tw^s 




twCH 



^tDS ^JDH 



Din 



OPEN* 



\ 






* OE : Don't care 
: Don't care 



*** t WC s^twcs( min ) 
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• Delayed Write Cycle 



RAS 



CAS 



Address 




WE 



Din 



OE 



Dout 



A 



tRC 



"\_ 



Row 



X 





tRAS 



? \ 



kSH 



t RCD 



}_ 



\. 



tg^ 




im. 



tRSH 



tCAS 



^AH. 



Column 



tRC^ 



<^c 



OPEN 



tozo 




~r 



tCLZ 



tQE^ 



las 




trwL 



X J™k-» 



1 



tRp 



tCRP 




tDH 



Din 




*OEH 

■< >- 




tQEZ 



/"Invalid" T 



*Va 



: Don't care 
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• Read-Modify-Write Cycle 



RAS 



CAS 



Address 



WE 



Din 



OE 



Dout 



\ 



X 




J*%. 



tRWC 



Row 





tRAS 



/ "\ 



t RCD 



\ 



*RAD 



tRAH 




"\_ 



*RC$ 




*RAC 



1&. 



tCAS 



.£ 



Jm. 



Column 



tpz^ 



tpZO 



*CLZ 



tDS 



OPEN 



tOED 



tOEA 



f lL 



A 



tRP 



tCRP 




tDH 



Din 




k)EH 




Dout 



k)EZ 



tQHO 



> 



: Don't care 
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• RAS Only Refresh Cycle 



RAS 



X 



CAS 



Address 



< tcRP > 




tASR 



tRC 



tRAS 



-C 



1 



tRP 



^tRPC^ 




tRAH 



Row 



tgF^ 



Dout 




OPEN 



tCRP 

■< — >■ 



\ 




* OE,WE : Don't care 
: Don't care 



** Refresh address :A0-A11 (RA0-RA11) 



598 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM51 16400 Series 



• CAS Before RAS Refresh Cycle 



RAS 



t RP 



CAS 



WE 



Address 




tRC 



tRAS 



tRP 



\. I 



i5£i 



tCP. 



I \ 



&<^ 



^ 



Dout i% 




tRC 



tRAS 



tRP 



tCHR 



A 



< tCRP > 



jr 



tWRH 



OPEN 





* OE : Don't care 
: Don't care 
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HM51 16400 Series 

• Hidden Refresh Cycle 



RAS 



\. 



X 



CAS 



Address / 



Iasr 



tRC 



Row 



TL 



WE 




Din 




OE 



Dout 



tRAS 



t % 



*RCD 



i. 



\ 



< tRAD > 



W 



.C 



tRCS 




*RAC 



i^sH ^ 



"L 



*RAL 



it 



tRC 



tRAS 



'V_ 



^CAH^ 



Column 



tp^c 



^DZO 



^AA 



tQEA 



^CAC 



■< >- 



&$. 



X 



/ A 



tRC 



f x 



Dout 



< tRA S > 



I 



tCHR 




tRP 



./ 



^CRP^ 



*RRH 



tgCH^ 




( tCDD > 



-£l£. 




tg£. 



tOH 

■< >■ 



*OEZ 



tpHO 



J 



Don't care 
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HM51 16400 Series 



• Fast Page Mode Read Cycle 



"X 



RAS 



\ 



X 



CAS 



Address : 



*asr 



\-C 



Row 



'"\_ 



WE 





*RASP 



*CSH 



t RCD 



vy 



*RAD 



tRAH 




r 



"v. 



*RAC 



^c 



^CAS^ 



kAL 



tgAH 



Column 1 



*RC| 



.5S2t 



tpzo 



*AA 



tCAC 

tci.z 



2^ L 



tRCH 



kDO 

OPEN 



k)ED 




tQEA 



Dout 



tpc 



tCP 



~L 



\ 



'"L 




tDZC 



;fit 



tQH 



Dout 1 



TL 



Use 



tcAS^ 



7 



_r 



^CAL 



!^ 



Column 2 



tRCS 



toz§. 



kPA 



*AA 



tQHO 



tpFF 



*OEZ 




tRCH 



kDD 

OPEN 



tQED 



tOEA 



t^ 



l QLZ 



'> 



tCPRH 



/" 



<3S-* 



^- 



\ 



f "*L 




tozc 



t H 



_r 



Dout 2 



T_ 



Use 



^rsh^ 



JtCAS 



*RAl 



tCAL 



t^AH 



Column N 



tRCS 



toz§_ 



*cpa 



tAA 



tQHO 



tpFF 



t£EZ_^ 



tRP 



./ 




OPEN 



_r 



^tRC^ 



t.OEA 



^ 



tCLZ 



=> 



kRP 



V 



tRRH 




^CDD^ 




tgED 



tgHO 



,r 



DoutN 



TL 



tQFF 



tgEZ 



JT 



% : Don't care 
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HM51 16400 Series 

• Fast Page Mode Early Write Cycle 



RAS 



"\ 



X 



CAS 



Address : 



Usr 



"l_ 



tRASP 



kSH 



t RCD 



~X 



\. 



*RAH 
< > 



Row 



WE 



Din 




Dout 




Use 
< > 



£&+ 



A 



tpc 



-3L* 



_x 



\ 



t££ 



Column 1 




twes 




H- iPS- 




tASC 



"L 



«££» 



+ *u 



¥ \ 



tgA>| 



Column 2 



twCH 




twes^ 



I 1 

Din 1 



X 




K- ^ 




Use 



J^i* 



*CAS 



*RP 



/ \_ 



t^AH 



Column N 



^H 




*wcs^ 



Din 2 




}g^ k>± 



twCH 



DinN 



OPEN* 



kRP 



_r 



S 






* OE : Don't care 
: Don't care 



twcs = twc$( mm ) 
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HM51 16400 Series 



• Fast Page Mode Delayed Write Cycle 



RAS 



"\ 



X 



CAS 



tASR 



Address : 



"<L 



tRASP 



T 



J- 



tcP 



kSH 



*RCD 



"\ 



*RAD 



t £|C 



tRAK 



Row 



JWt 



WE 



Din 



^ 



OE 



Dout 





*DZO 



tCAS 



A 



j- 



tCAH 



"X 



Column 1 



t W p 
tozc *ds 





*CLZ 




yf^^ 



tjCWL 



X 



\ 



tQ|D 



.^ 



\ 



*RCS 



,c 



tOH 



Din 



tOEH 



tD Ig p 



^ 



tpc 



"\_ 



*CAS 



Use 

*CAH 



Column 2 



twp 

^DZC t DS 



^ 



*CLZ 




tjCWL 



"X 



K- t0 -^ 



Invalid Dout 



tpsz 



'"K 



tRCS 



"\_7" 



f 



^DH 



Dm 
2 tR 



*OEH 



t DZ§. 



tRSH 



t CAS 



/ 



Use 



Column N 



twp 
tDZC *ds 




*CLZ 



_r 



Invalid Dout 



IgEZ 




>^V 



J°& 



:r 



*&e 



.* 



r> 



k>M 



^7 Din 

/Jr N 



tQEH 



7n 



9 



X 

Invalid Dout 



k)EZ 



Irp 




Don't care 



^ 
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HM51 16400 Series 

• Fast Page Mode Read-Modify-Write Cycle 



RAS 



\ 



X 



CAS 



*ASR 



Address \ 



WE 



Din 



OE 



Dout 



f X 



,c 



*RASP 



./ 



tRCD 



^ 



}_ 



\ 



tRAD 



tA|C 



tRAJ 



Row 




JW^ 





Ua 



t CAS 



J' 



A 



JCAH 



Column 1 



t W p 
tozc t DS 



tRAC 



tCLZ 




tRWD 



tAWD . 



kwD 



tQ^ 



tpEA 



tjCWL 



"\ 



'&.'£ 



tRCS 



.^ 



^DH 



Din 

ILL 



• *OEH 



tD I§ 



kPA 



tpRWC 



kAC 



<r\_ 



Dout 1 



tgHO 



^AA 



t^ 



tCAS 



/' 



Use 

kAH 



Column 2 



twp 
tozc *ds 



Ik 



tpEZ 



tCLZ 




tepw 



tAWD 



JCWD 



^ t0 -^ 



fOE\ 



./ 



tQVL 



1. 



r\ 



tRCS 



Din 






-tQEH 



tD i§ 



kPA 



_r 



kAC 



.^ 



tgHO 



tAA 



tCAS 



J" 



Use 

tCAH 



Column N 



t w p 
tozc t DS 



tQEZ 



tCLZ 



tepw 



tAWD 



tcWD 



Jm 



tQEA 






"> 



Dout2 



i-f 



^ 




.n. 



tow 



Din 



- tQEH 



w 



trAC 



r\ 



DoutN 



tpHO 



tpEZ 



tRP 




Don't care 

0101-14 



604 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 819* (41 5) 589-8300 



HM51 16400 Series 



• Test Mode Cycle 



RAS 



CAS 




Set Cycle*** 
< ► -<- 




Test Mode Cycle 









Reset Cycle 




Normal Mode 




* CBR or RAS only refresh 
: Don't care 



*** Address, Din, OE : Don't care 



•Test Mode Set Cycle 



RAS 



CAS 



WE 



tRp 



\ 



tRPC 




Address : 



tcp 



"\ 



kSR 



X 



"L. 




twTS 



tRC 



tRAS 



-L 



kHR 



twTH 



tRp 



«i*^ 



f 



tcp 




kRP 

< >» 



\ 





Dout 




tQFF 



OPEN 



v, : Don't care 
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HM51 16400 Series 

•Test Mode Reset Cycle 

CAS Before RAS Refresh Cycle 



RAS 



CAS 



WE 



7" 



Address \ 



tRP 



Nl 




tRC 



"nL 



tRAS 



/ 



kHR 



*WRH 



tRP 



1?2& 



_2L 



kp 



tCRP 





Dout 




tpFF 



OPEN 



* VMa ' Don't care 



RAS Only Refresh Cycle 



RAS 



\ 



X 



m 

CAS //A 



Address 



Dout 




WWJWk 



tcRP 




tRC 



"V. 



3«^ 4*^ 



Iras 



jr 



7" 



tRP 



^RPC^ 




w 



-fSS. 



Row 



TL 




,tQFF 



OPEN 



Refresh address A0-A11 (RA0-RA11) 
Don't care 
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HM51 16400 Series 



CAS Before RAS Refresh Counter Check Cycle (Read) 



RAS 



*RP 



^ 



CAS 




Address : 





Din 



OE 



kp 



A 



X 

tCSR ^ 



TL 



toFF 



-< >- 



Dout 




twRP 



"L 





tRAS 



I 



im*. 



t 



*CPT 



J 



Vrh t R cs 




tpZ^ 



*RAC 



U^ 



\ 



*R$H 



t CAS 



to 



Column 



tozo 



tAA 



tRP 



/ 




OPEN 



im» 



,tCAC 



^ 



. tCRP > 



tRRH 



Mq*_* 




< tCDP > 



*OED 





k)HO 
t<DH 
k)EZ 
tQFF 



^r 



Dout 



"K_ 



> 



* ^1 : Don,t care 
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HM51 16400 Series 

CAS Before RAS Refresh Counter Check Cycle (Write) 



RAS 



*RP 



\ 



X 



tRPC 

■< >■ 



CAS 



r\ 



Address \ 





Din 



OE 



kP 



tgR^ 



twRP 



*RAS 



f 



^m* 



tcPT 



i. 



A -\ 



tA£ 



tRSH 



tCAS 



tRP 



tCRP 



1 



-C 



^CA^ 



Column 



twRH 



twcs 




kPD 




J& 




twCH 



< tDH > 



.C 



Din 




OPEN 





*DZC 




* W/V/A '■ Don't care 
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HM5116400L Series Low Power Version ~~~ 
4, 194, 304- Word x 4-Bit Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM51 16400 is a CMOS dynamic RAM organized 4,194,304 words x 
4 bits. It employs the most advanced CMOS technology for high performance and 
low power. The HM51 16400 offers Fast Page Mode as a high speed access mode. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns (max) 

• Low Power Dissipation 

Active Mode 495 mW/440 mW/385 mW/330 mW (max) 

Standby Mode 11 mW (max) 

• Fast Page Mode Capability 

• Long Refresh Period 

4,096 Refresh Cycles (256 ms) 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• Battery Back Up Operation 



Product Preview 



HM5116400LJ Series 




(CP-24D) 



HM5116400LJ Series 




(CP-28D) 



HM5116400LZ Series 




(ZP-24) 



ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HM5116400LJ-6 
HM5116400LJ-7 
HM5116400LJ-8 
HM5116400LJ-10 


60 ns 
70 ns 
80 ns 
100 ns 


400 mil 24-pin 
Plastic SOJ 
(CP-24D) 


HM5116400LZ-6 
HM5116400LZ-7 
HM5116400LZ-8 
HM5116400LZ-10 


60 ns 
70 ns 
80 ns 
100 ns 


475 mil 24-pin 
Plastic ZIP 
(ZP-24) 



PIN DESCRIPTION 



Pin Name 


Function 


Ao-An 


Address Input 


Ao-An 


Refresh Address Input 


I/O -I/O 4 


Data-input/Data-output 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Write Enable 


OE 


Output Enable 


Vcc 


Power Supply ( + 5V) 


v S s 


Ground 


NC 


No Connection 



■ PIN OUT 




HM5116400LJ Series 




r-\Jj 1 




v ccd 




2i]vss 


1/01 |T 




27]l/04 


1/02 (T 




26JI/03 


wi|T 




25] CAS 


RAS|T 




24] bT 


A11 [j[ 




23J A9 


A10 \T 




20] A8 


AO |To 




75] A7 


M \u 




J8JA6 


A2 £7 




T?] A5 


A3 [J3 




iU M 


v cc[T7 




n]v ss 






0103-1 


(Top View) 



HM5116400LZ Series 

1 A9 
3 CAS 
5 I/04 

7 v cc 



OE 2 




I/03 A 
4 




V * 6 




K>1 g 




Wi ,0 




AU ,2 




A ° ,4 




A2 ,6 




V « 18 




M 20 




A6 22 




A8 24 





1/02 



A10 



15 



19 



A3 



Vss 



A5 



A7 



(Bottom View) 
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HM5116400L Series - 
■ BLOCK DIAGRAM 













































































RAS 


CAS 


WE 


OE 






4 








4 








4- 








+ 








RAS 

Control 

Circuit 




CAS 

Control 

Circuit 




WE 

Control 

Circuit 




OE 

Control 

Circuit 








4 




I 




4 




4 


























256k memory cell array 




Row 
decoder 

& 

driver 




256k memory cell array 


4- 

4- 

4- 
4- 


Sense amo & I/O bus 


Sense amp ft I/O bus 


; 




256k memory tell array 


256k memory cell array 


256k memory cell array 


256k memory cell array 


Sense amp ft I/O bus 


Sense amp ft I/O bus 


256k memory cell array 


256k memory cell array 












— > 


I/O buffer 


4+ 


1/04 




256k memory cell array 


256k memory cell array 


Sense amo & I/O bus 


Sense amo. ft I/O bus 












256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 


Sense amo. & I/O bus 


Sense amo. ft I/O bus 


256k memory cell »rt»y 


256k memory cell array 




256k memory cell array 


256k memory cell array 


Sense amo. & I/O bus 


Sense amo. ft I/O bus 






256k memory cell array 


256k memory cell array 


256k memory cell array 


256k memory cell array 


Sense amo ft I/O bus 


Sense amo. ft I/O bus 


256k memory cell array 


256k memory cell array 












— ► 


I/O buffer 


4* 


1/03 




256k memory cell array 


256k memory cell array 


Sense amo. ft I/O bus 


Sense amo. ft I/O bus 












256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 


Sense amp. ft I/O bus 


Sense amo. ft I/O bus 


256k memory cell array 


2S6k memory cell array 






















i 


Column decoder & driver 




Column decoder & driver 


























256k memory cell array 




Row 
decoder 

& 

driver 




256k memory cell array 


4- 
4- 

4-J 
4- 
4- 

<- 


Sense amo. ft I/O bus 


Sense amo ft I/O bus 






256k memory cell array 


256k memory cell array 


2S6k memory cell array 


256k memory cell array 


Sense amo ft I/O bus 


Sense amo ft I/O bus 


256k memory cell array 


256k memory cell array 












— ► 


I/O buffer 


<+ 


1/02 




256k memory cell array 


256k memory cell array 


Sense amp. ft I/O bus 


Sense amo. ft I/O bus 












256k memory cell array 


256k memory cell array 




256k memory cell array 


2S6k memory cell array 


Sense amo ft I/O bus 


Sense amp ft I/O bus 


256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell array 


Sense amp ft I/O bus 


Sense amp ft I/O bus 






256k memory cell array 


256k memory cell array 


256k memory cell array 


256k memory cell array 


Sense amo ft I/O bus 


Sense amp ft I/O bus 


256k memory cell array 


256k memory cell array 












-* 


I/O buffer 


4+ 


1/01 




256k memory cell array 


256k memory cell array 


Sense amo. ft I/O bus 


Sense amo ft I/O bus 












256k memory cell array 


256k memory cell array 




256k memory cell array 


256k memory cell artay 


Sense amp ft I/O bus 


Sense amp. ft I/O but 


256k memory cell array 


256k memory cell array 






































- Column address buffer 






Row address buffer 
















t 




t 
















A0-A9 


Address AO -A 11 


A0-A11 
















































0103-3 
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HM5116400L Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V§s 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to V$s 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


!out 


50 


mA 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


Topr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



I ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


ViL 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vss- 

• DC Electrical Characteristics (T A 



to + 70°C, V C c = 5V ±10%, V S s = 0V) 



Parameter 


Symbol 


HM5116400-6 


HM5116400-7 


HM51 16400-8 


HM51 16400-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


!CC1 


— 


90 


— 


80 


— 


70 


— 


60 


mA 


tRC - Min 


1,2 




!CC2 


- 


2 


- 


2 


- 


2 


- 


2 


mA 


TTL Interface 
RAS, CAS = V IH 
D out = High-Z 




Standby Current 


- 


300 


- 


300 


- 


300 


- 


300 


JLtA 


CMOS Interface, RAS, 

CAS and WE > 

V CC - 0.2V or < 6.5V 

Address and 

Dj n = stable 

D out = High-Z 




RAS Only Refresh Current 


ICC3 


— 


90 


— 


80 


— 


70 


— 


60 


mA 


tRc = Min 


2 


Standby Current 


!CC5 


- 


5 


- 


5 


- 


5 


- 


5 


mA 


RAS = V IH 
CAS = V IL 
D out = Enable 


1,4 


CAS Before RAS Refresh 
Current 


!CC6 


- 


90 


- 


80 


- 


70 


- 


60 


mA 


t RC = Min 


4 


Fast Page Mode Current 


!CC7 


— 


70 


— 


60 


— 


50 


— 


45 


mA 


tpc = Min 


1,3 


Battery Back Up 
Operating Current 
(Standby with 
CBR Refresh) 


Jccio 


- 


500 


- 


500 


- 


500 


- 


500 


juA 


Standby: 
CMOS Interface 
CBR Refresh: 
t RC = 62.5 jus 
tRAS ^ 1 M-s 
Address and 
D in = Stable 
D out = High-Z 


5 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 


OV < V in < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


uA 


OV < V out < 7V 
D out = Disable 




Output High Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


High I out = - 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 






Notes: 1. Ice depends on output load condition when the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed once or less while RAS = Vjl- 

3. Address can be changed once or less while CAS = Vih- 

4. Clock voltages (RAS and CAS) must be applied simultaneously with or prior to applying supply voltage. 

5. V C c - 0.2V < V IH < 6.5V, 0V < V IL < 0.2V. 
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HM5116400L Series 



• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Qi 


— 


5 


pF 


1 


Input Capacitance (Clocks) 


C12 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


Co 


— 


10 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 

• AC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V)L 2, 3, 19, 20 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM51 16400-6 


HM5116400-7 


HM5116400-8 


HM51 16400-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


110 


— 


130 


— 


150 


— 


180 


— 


ns 




RAS Precharge Time 


tRP 


40 


— 


50 


— 


60 


— 


70 


— 


ns 




CAS Precharge Time 


*CP 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


*CAS 


15 


10000 


18 


10000 


20 


10000 


25 


10000 


ns 




Row Address Setup Time 


tASR 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Column Address Setup Time 


Use 





— 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


15 


— 


15 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


45 


20 


52 


20 


60 


20 


75 


ns 


4 


RAS to Column Address Delay Time 


*RAD 


15 


30 


15 


35 


15 


40 


15 


55 


ns 


5 


RAS Hold Time 


tRSH 


15 


— 


18 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


tCSH 


60 


— 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


5 


— 


5 


— 


5 


— 


5 


— 


ns 




OE to Dj n Delay Time 


tOED 


15 


— 


18 


— 


20 


— 


25 


— 


ns 


6 


OE Delay Time from D ln 


*DZO 





— 





— 





— 





— 


ns 


7 


CAS Delay Time from D in 


*DZC 





— 





— 





— 





— 


ns 


7 


Transition Time (Rise and Fall) 


t T 


3 


30 


3 


30 


3 


30 


3 


30 


ns 


8 



Read Cycle 



Parameter 


Symbol 


HM51 16400-6 


HM5116400-7 


HM51 16400-8 


HM5116400-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


ns 


9, 10, 21 


Access Time from CAS 


tCAC 


— 


15 


— 


18 


— 


20 


— 


25 


ns 


10,11,21 


Access Time from Address 


*AA 


— 


30 


— 


35 


— 


40 


— 


45 


ns 


10, 12, 21 


Access Time from OE 


tOEA 


— 


15 


— 


18 


— 


20 


— 


25 


ns 


10,21 


Read Command Setup Time 


tRCS 





— 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 





— 


ns 


13 


Read Command Hold Time to RAS 


tRRH 


5 


— 


5 


— 


5 


— 


5 


— 


ns 


13 


Column Address to RAS Lead Time 


tRAL 


30 


— 


35 


— 


40 


— 


45 


— 


ns 




Column Address to CAS Lead Time 


tCAL 


30 


— 


35 


— 


40 


— 


45 


— 


ns 




CAS to Output in Low-Z 


*CLZ 





— 





— 





— 





— 


ns 




Output Data Hold Time 


tOH 


3 


— 


3 


— 


3 


— 


3 


— 


ns 




Output Data Hold Time from OE 


t()H0 


3 


— 


3 


— 


3 


— 


3 


— 


ns 




Output Buffer Turn-off Time 


tOFF 


— 


15 





18 


— 


20 


— 


25 


ns 


14 


Output Buffer Turn-off to OE 


tOEZ 


— 


15 


— 


18 


— 


20 


— 


25 


ns 


14 


CAS to D in Delay Time 


tCDD 


15 


— 


18 


- 


20 


- 


25 


— 


ns 


6 
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HM5116400L Series 



Write Cycle 



Parameter 


Symbol 


HM51 16400-6 


HM5116400-7 


HM5116400-8 


HM5116400-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 





— 


ns 


15 


Write Command Hold Time 


twCH 


15 


— 


15 


— 


15 


— 


15 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


15 


— 


15 


— 


15 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


15 


— 


18 


— 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


*CWL 


15 


— 


18 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 





— 


ns 


16 


Data-in Hold Time 


tDH 


15 


— 


15 


— 


15 


- 


15 


- 


ns 


16 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM5116400-6 


HM5116400-7 


HM5 116400-8 


HM5116400-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


150 


— 


176 


— 


200 


— 


245 


— 


ns 




RAS to WE Delay Time 


tRWD 


80 


— 


93 


— 


105 


— 


135 


— 


ns 


15 


CAS to WE Delay Time 


*CWD 


35 


— 


41 


— 


45 


— 


60 


— 


ns 


15 


Column Address to WE Delay Time 


*AWD 


50 


— 


58 


— 


65 


— 


80 


— 


ns 


15 


OE Hold Time from WE 


tQEH 


15 


— 


18 


— 


20 


— 


25 


— 


ns 





Refresh Cycle 
























Parameter 


Symbol 


HM5116400-6 


HM5 116400-7 


HM51 16400-8 


HM5116400-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 
(CBR Refresh Cycle) 


*CSR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CBR Refresh Cycle) 


*CHR 


20 


- 


20 


- 


20 


- 


20 


- 


ns 




WE Setup Time 
(CBR Refresh Cycle) 


tWRP 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




WE Hold Time 
(CBR Refresh Cycle) 


t\VRH 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 





— 





— 





— 





— 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HM5116400-6 


HM5 116400-7 


HM51 16400-8 


HM5116400-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


40 


— 


45 


— 


50 


— 


55 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASP 


— 


100000 


— 


100000 


— 


100000 


— 


100000 


ns 


17 


Access Time from CAS Precharge 


tCPA 


— 


35 


— 


40 


— 


45 


— 


50 


ns 


18,21 


WE Delay Time from CAS Precharge 


tCPW 


55 


— 


63 


— 


70 


— 


85 


— 


ns 




RAS Hold Time from CAS Precharge 


tCPRH 


35 


— 


40 


- 


45 


- 


50 


- 


ns 





Fast Page Mode Read-Modify-Write Cycle 




















Parameter 


Symbol 


HM5 116400-6 


HM5 116400-7 


HM5 116400-8 


HM5116400-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Read-Modify- 
Write Cycle Time 


tpRWC 


80 


- 


91 


- 


100 


- 


110 


- 


ns 
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HM5116400L Series 
Test Mode Cycle 













HM51 16400-6 


HM51 16400-7 


HM5 116400-8 


HM51 16400-10 


Unit 


Note 






Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Test Mode WE Setup Time 


t\VTS 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Test Mode WE Hold Time 


%TH 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Counter Test Cycle 


Parameter 


Symbol 


HM51 16400-6 


HM51 16400-7 


HM51 16400-8 


HM5116400-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Precharge Time in 
Counter Test Cycle 


tCPT 


TBD 


- 


TBD 


- 


TBD 


- 


TBD 


- 


ns 




Refresh (Tj = 85°C, V C c = 5V ±10%) 


Parameter 


Symbol 


Max 


Unit 


Note 


Refresh Period 


tREF 


256 


ms 


4096 Cycles 



Notes: 1. 

2. 



21. 



AC measurements assume tj = 5 ns. 

An initial pause of 100 jtis is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS only refresh or CAS before RAS refresh). If the internal refresh counter is used, a minimum of 
eight CAS before RAS refresh cycles are required. 
Only row address is indispensable on address A 10 and All. 

Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only; 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAO 
Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only; 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 
Either toDD or Tcdd must be satisfied. 
Either tozo or T DZC must be satisfied. 

Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh (min) and Vjl (max). 

Assumes that tRCD < *rcd ( max ) anc * tRAD < tRAD (max). If tRCD or tRAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
Assumes that tRCD - tRCD (max) and tRAD - tRAD (max). 
Assumes that t RC D ^ tRCD (max) and tRAD ^ t RA D (max). 
Either tRCH or tRRjj must be satisfied for a read cycle. 

tOFF (max) and toEZ (max) define the time at which the outputs achieve the open circuit condition and are not referenced 
to output voltage levels. 

t\vcs> tRWD» tcw~D> tAWD an d tcpw are not restrictive operating parameters. They are included in the data sheet as electri- 
cal characteristics only; if t\ycs - twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tRWD - tRWD (min), tcwD - tcwD (min), tAWD - tAWD (min), 
or tcWD - tcwD (min), tAWD - tAWD (min) and tcpw - tcpw (min) the cycle is a read-modify-write and the data 
output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the 

data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-write c ycles . 

tRASP defines RAS pulse width in fast page mode cycles. 
Access time is determined by the longer of tAA or tcAC or tcPA- 

In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 
Test mode operation specified in this data sheet is 16 bits test function controlled by compression addresses — CA0 and 
CA1. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of four test bits on 
each I/O accord with each other, the state of the output data on the I/O is high level. When the state of four test bits on 
the I/O do not accord with each other, the state of the output data on the I/O is low level. Data input and output pins are 
I/O-l to 1/0-4. If any refresh cycle is occurred, the test mode is reset. 

In a test mode read cycle, the value of tRAO tAA> tcAC anc * ^pa * s delayed by 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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HM5116400L Series 



I TIMING WAVEFORMS 
> Read Cycle 



RAS 



"\ 



X 



CAS 



Address 




tRC 



"sL. 



Row 



WE 




Din 




OE 



tRAS 



J" 



T 



kSH 



tRCD 






, *RAD 



tRAH 



"^L 



tRCS 




tRAC 



i^ 



tRSH 



*CAS 



r 



tRAL 



tCAL 



^CA^ 



Column 



tpzc 



tozo 



*AA 




OPEN 



*&** 



JCAC 



,tgz 

•< >- 



Dout 



tCRP 



*RCH 



, tRp 



\ 




*CDD 



Joed 




Dout 




gj] : Don't care 
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HM5116400L Series 
• Early Write Cycle 



RAS 



CAS 



Address 



WE 



Din 



Dout 



\ 



X 




tRC 



tAS^ tffAH 



tRAS 



kSH 



tRCD 



Row 




t&C 



tRSH 



tCAS 



f 



tq*P 



Jm 



Column 



W 





twCH 



«&. < tDH > 



Din 



OPEN* 



JfP_^ 



/ "\ 






OE : Don't care 
Don't care 



*** twcs^t w cs(m'' n ) 
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HM5116400L Series 



• Delayed Write Cycle 



}_ 



RAS 



CAS 



Address 




^l 



tRC 



"V. 



Row 



X. 



WE 




Din 




OE 



*RAS 



f 



J' 



kSH 



tRCD 



*x 



V 



tRAH 




t^c 



*RSH 



tCAS 



A 
j" 



Jm. 



Column 



tRC|^ 



^DZC 




OPEN 



tgZD 




tCLZ 



tOED 



Ids 



trwL 



tRWL > 



J. 



, tRP 



tCRP 




*DH 



Din 




<^i 




tgEZ 



Dout 



/ invalid" T 
2-Dout -1 



: Don't care 
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HM5116400L Series 



• Read-Modify-Write Cycle 



RAS 



CAS 



Address 



WE 



Din 



X 



USR 



t-RWC 



Row 



?1L 



OE 



Dout 



*RAS 



tRP 



f 



*RCD 



~x 



, *RAD 



*RAH 



*RCS 




tRAC 



Iasc 



tCAS 



J 



tCAH 



Column 



tozc 



tpzo 



tCLZ 



tcWD 



*AWD 



tRWD 



tDS 



OPEN 



tQED 



tOEA 




_r 



'"^_ 



tcWL 



-£ 



tpm^ 



tcRP 



*DH 



Din 



^OEH^ 



Dout 



tOHO 



: Don t care 
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HM5116400L Series 



• RAS Only Refresh Cycle 



RAS 



"\ 



X 



CAS 



m 



Address 



< tcRp > 




tASR 



tRC 



"L 



*RAS 



< tRAH > 



Row 



igF^ 



Dout 



I 



tRP 



^RPC^ 




OPEN 



kRP 



\ 




* OE,WE : Don't care 



^ : Don't care 



Refresh address : AO - A1 1 (RAO - RA1 1) 
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HM5116400L Series 



• CAS Before RAS Refresh Cycle 



RAS 



/ 



*RP 



JRP^ 



X 



CAS 



WE 



Address 



Jcp 



A 



t,CSR. 



twRP 




tgF^ 



<2 

Dout & 



tRC 



< tRAS > 



t.CHR 



tRP 



I \. 



«&££. 



f 



tcp. 



^* 




tRC 



*RAS 



A 



tRP 



"i- 



T 



tCHR 



*CRP 



twRH 



OPEN 





OE : Don't care 



: Don't care 
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HM5116400L Series 



• Hidden Refresh Cycle 



RAS 



\ 



X 



CAS 






Address ' 



tRC 



"V_ 



Row 



"SL_ 



WE 




Din 




OE 



Dout 



tRAS 






*RCD 



~\L 



*RAD 



W 



.C 



•\. 



yes 




tRAC 



X J™-+ 



tRAL 



tRC 



< * RA * > 



Column 



toy 



too 



tOEA 



^ 



f\_ 



tRP 



A A 



tRC 



JT 



Dout 



c tRA $ > 



JT 



kHR 




tRP 



T 



_r 



< tcRP > 



tRRH 



^H> 




^icop^ 



-iesB. 




tgF^ 



tOH 
■< >■ 



tj)EZ 



tpHO 



JT 



: Don't care 
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HM5116400L Series 



1 Fast Page Mode Read Cycle 



"NL 



RAS 



\ 



X 



CAS 



Address : 



*asr 



tgAH 



Row 



WE 



Din 



OE 



Dout 



*RASP 



tCSH 



tRCD 



"A. 



\ 



< tRAD > 






tRAC 



^ 



~V_ 



kAS^ 



/ 



kAL 



&V. 



Column 1 



tpzo 



. Ua 



tCAC 

tcj^z 



tRCH 



kDD 

OPEN 



tQED 



t.OEA 



tpc 



tCP 



'■\L 




^DZC 



IT 
Doutl 



f lL 



i& 



"V- 



tCAS^ 



/" 



kAL 



t^AH 



Column 2 



tRCS 



l m 



kPA 



Ua 



tOHO 
tpFF 



tRCH 



tCD£ 
OPEN 



tQED 




t,OEA 



t(jlZ 



'> 



^ 



'"K 



kPRH 



tCP 



}- 



^DZC 



II; 



tOH 



bout 2 y 



Use 



jtRSH, 



ICAS 



tRAl 



tCAL 



_r 



^ 



Column N 



tRCS 



'-828- 



*CPA 



^AA 



tOHO 



tgfF 



^^ 



tRP 



./ 




OPEN 



t.OEA 



*£t 



t(]lj 5 



tcRJ> 



V 



tRRH 



tRCH 




tCDD 



M 




tOH 
tpHO 



DoutN 



tpFF 



tpEZ 



"*- 



Jf 



: Don't care 
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HM5116400L Series 



• Fast Page Mode Early Write Cycle 



"X 



RAS 



X 



CAS 



Address : 



•Sat 



tRASP 



kSH 



tRCD 



+ J™^ 



i- 



\ 



tRAH 



Row 



WE 



Din 



Dout 




Use 



"L 



A 



tpc 



kp 



w 



%m. 



Column 1 




twes 




-SPU -H- 




Use 



*CAS W 



kp 



}- 



N 
L 



tgAH 



Column 2 



twcH twes 




Din1 



t 




t^ t^ 




Use 



J™± 



*CAS 



7 



*RP 



i£fi*l 



Column N 



twey twes 




Din 2 




X ^t 



twCH 



DinN 



"K_ 



OPEN* 



f 

r 



kRP 






OE : Don't care 



^ : Don't care 



twcs = t W cs( m,n ) 
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HM5116400L Series 



• Fast Page Mode Delayed Write Cycle 



RAS 



\ 



X 



CAS 



Address \ 



tRASP 



7 



** 



*CSH 



tRCD 



WE 



Din 



OE 



Dout 




tcAS 



tDZC tns 




tCLZ 



to§D 



r\ 



tDH 



Din 



tOEH 



tpzg 



^ 



tpc 



t CAS 




tDZC tos 




tCLZ 



ir 



Invalid Dout 



Ig! z 



<- x m 



i 



invalid Dout 



tqw 



tQEH 



JP 



*DZ£ 



tRSH 



tCAS 



^DZC *DS 




t QLZ 



.r~i. 



<— ^ 



tpEZ 



•-^ 



~r 



r"\ 



tc^p 



t-DM 



Din 



tOEH 



.r^. 



"K_J~ 



tpEZ 



Invalid Dout 



*RP 




: Don't care 
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HM5116400L Series 



• Fast Page Mode Read-Modify-Write Cycle 



"^ 



RAS 



\ 



X 



CAS 



tASR 



Address ' 



WE 



Din 



OE 



Dout 



tRASP 



I 



tCP 



tRCD 



i- 






tRAD 



tRAH 



Uy 



i. 



Row 






^AA 



tCAS 



J" 






JCAH 



Column 1 



t W p 

^DZC t DS 



t RAC 



tCLZ 




*RWD 



tAWD . 



kWD 



"V 



tojC 



toEA 



tjCWL 



\. 



M 



tRCS 



W 



tDH 



Din 



-tOEH 



tqzg 



tCPA 



tpRWC 



kAC 



ft- 



Dout 1 



tgHO 



^AA 



& 



tCAS 



J" 



^1 



Use 

tCAH 



Column 2 



twp 
tozc *DS 



Ik 



tpEZ 



tCLZ 




tepw 



tAWD 



^CWD > 



"^_ 



<- x m 



t(DEA 



/ 



kAC 



\ 



*RCS 



\_7" 



r 



Din 
7-z 2 






- toEH 



tqzj 



kPA 



.^ 



Dout 2 



tgHO 



Ua 



*CAS 



/ 



Use 

tcAH 



Column N 



twp 

^DZC tDS 



tgSZ 



tCLZ 



kPW 



tAWD 



tCWD 



<- to m 



tOE\ 



./ 



> 



k .f 




.n. 



tCRP 



tqw 



Dm 



-toEH 



X 



tCAC 



^. 



DoutN 



tgHO 



t^EZ 



tRP 




: Don't care 

0103-14 
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HM5116400L Series 
• Test Mode Cycle 



RAS 



CAS 




Set Cycle' 




Test Mode Cycle 









Reset Cycle 




Normal Mode 




* CBR o r RAS only refresh 
: Don't care 



Address, Din, OE : Don't care 



• Test Mode Set Cycle 



RAS 



CAS 



WE 



/ 



tRP 



\ 



tRPC 




Address : 



Dout 



tcp 



~\ 



ksR 



X 




twTS 



tRC 



tRAS 



/ 



tCHR 



tWTH 



< ^E v 



J*** 



X 



tCP 




4£5^ 






tc3FF 



OPEN 



* & 



f : Don't care 
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HM5116400L Series 



• Test Mode Reset Cycle 

CAS Before RAS Refresh Counter Cycle 



RAS 



CAS 



WE 



Address • 



*RP 



tRC 



*RAS 



*RP 





Dout 




tf)FF 



OPEN 



* ^ 



: Don't care 



• RAS Only Refresh Cycle 



RAS 



CAS 



Address 



Dout 



\. 





*CRP 



X 



mm* c 



tRC 



*ASR t RAt ^ 



tRAS 



JT 



r 



*RP 



&£* 




P 



^CRP 



Row 



'~K_ 




tQFF 



OPEN 



* Refresh address AO - A1 1 (RA0-RA11) 
: Don't care 
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HM5116400L Series 

• CAS Before RAS Refresh Counter Check Cycle (Read) 



RAS 



/ 



*RP 



\ 



X 



CAS 




Address \ 




WE 




Din 



OE 



t'cp ^ 



"i- 



£s* 






Dout 




twRP 



"\_ 





*RAS 



r 



r 



im. 



7 



tcPT 



"V 



twRH 



*RCS 




tDZ^ 



*RAC 



Use 



\ 



*RSH 



tCAS 



<^t 



Column 



tozo 



*AA 



tRP 




OPEN 



tQEA^ 



*CAC 



^ 



1 



tCRP 



*RRH 



JtgCH^ 




kpp 



to ED 





.r 



"V_ 



Dout 



y 



^ : Don't care 
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HM5116400L Series 



> CAS Before RAS Refresh Counter Check Cycle (Write) 



RAS 



7 



*RP 



\ 



X 



JRP^. 



CAS 



/" \ 



Address \ 




WE 




Din 



OE 



c kP > 



tgR^ 



twRP 



*RAS 



t 



t£HR^ 



tCPT 



I N. 



tA^ 



*RSH 



tCAS 



*RP 



T 



< tCRP > 



F 



v 



*CAH 



Column 



twRH 



twcs 




kDD 




& 




twCH 




*DH 



Din 



"K_ 




X 



*dzc 




*OFF 



Dout 




OPEN 



: Don't care 
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Section 3 

High Speed BiCMOS 

Dynamic RAM 
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HM571000 Series 



1,048,576- Word x 1-Bit High Speed Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM571000 is a super high speed dynamic RAM organized 
1,048,576-word x 1-bit. HM571000 have realized higher density, higher performance 
and various functions by employing 1 .3 jam Bi-CMOS technology and some new Bi- 
CMOS circuit design technologies. The HM571000 offers 8 bits static column mode 
as a high speed access mode. 

■ FEATURES 

• Single 

5V ( + 10%) for HM571000JP/ZP-40/45 
5V (±5%) for HM571000JP/ZP-35R 

• High Speed 

Access Time 

• 51 2 Refresh Cycles 



HM571000JP Series 




(CP-28DN) 



. 35 ns/40 ns/45 ns (max) 
(4 ms) 



2 Variations of Refresh 

CE Refresh 

Automatic Refresh 
8 Bits Static Column Mode 



ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HM571000JP-35R 

HM571000JP-40 

HM571000JP-45 


35 ns 
40 ns 
45 ns 


300 mil 28-pin 
Plastic SOJ 
(CP-28DN) 


HM571000ZP-35*! 
HM571000ZP-40*! 
HM571000ZP-45*! 


35 ns 
40 ns 
45 ns 


400 mil 28-pin 
Plastic ZIP 
(ZP-28) 



Note: *1. ZIP type products are preliminary. 
■ PIN DESCRIPTION 



HM571000ZP Series 




PIN OUT 



Pin Name 


Function 


A0-A9 


Address Input for 
CE Refresh 


A9-A16 


Address Input 


A17-A19 


Address Input for 
Static Column Mode 


CE 


Chip Enable 


OE 


Output Enable 


WE 


Read/Write Enable 


D in 


Data-in 


Dout 


Data-out 


RF 


Refresh Control 


v C c 


Power ( + 5V) 


v S s 


Ground 



HM571000JP Series 




— ^i^h 




Al3Li 




Iv cc 


A12l 2 




27j A14 


AllQ 




11 A1S 


A10 H> 




11 A16 


A9 [T 




~M A8 


A3 [T 




15) A7 


A2 [T 




~M A6 


Al [T 




12 AS 


A0 [T 




l20| A4 


RF [lO 




31 A17 


CE [IT 




H A18 


0E \U 




"l7l A19 


WE [TJ 




33 Din 


VssE 




HI Dout 






0080-1 


(Top View) 



(ZP-28) 



HM571000ZP Series 



CE 2 

WE 4 






Din 6 
A18 8 






v ss 10 




z-z^ 




A1 12 




AS 14 




A7 16 






A3 18 






A8 20 
A15 22 
A13 24 
All 26 










A9 28 







(Bottom View) 
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HM571000 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


los 


50 


mA 


Power Dissipation 


P T 


0.8 


W 


Operating Temperature 


Topr 


Oto +70 


°C 


Storage Temperature 


T st ? 


- 55 to + 125 


°C 



I ELECTRICAL CHARACTERISTICS 

1 Recommended DC Operating Conditions 0a = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


-35R 


Vcc 


4.75 


5.0 


5.25 


V 


1 


-40/-45 


4.50 


5.50 




Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1,3 


Input Low Voltage 


VlL 


-1.0 


— 


0.8 


V 


1,2 



Notes: 



1. All voltage referenced to Vss- 

2. The device will withstand undershoots to the 
Figure 1.) 



-2V level with a maximum pulse width of 20 ns at the — 1.5V level. (See 



VIH 


-1.0 V 


V 


/ -1.5 V 


\ 


/ -2.0 V 


£ 20 ns (max) 

0080-3 



Figure 1. Undershoot of Input Voltage 

3. The V IH level of OE shall be lower than V C c + °- 5V - 

» DC Electrical Characteristics (T A = o to + 70°C, Vss = 0V) 

(V C c = 5V ±10% for HM571000JP-40/45) 
(V C c = 5V ±5% for HM571000JP-35R) 



Parameter 


Symbol 


HM571000-35R 


HM571000-40 


HM571000-45 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Normal Operating Current 


!CCA 


See Figure 2 


mA 




1 


Refresh Current 


!CCR 


See Figure 2 


mA 




1 


Standby Current 


!CCS 


— 


5 


— 


5 


— 


5 


mA 






Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V in < 7V 


2 


Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


juA 


0V<V out <7V, 
D out = Disable 




Output High Voltage 


VOH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 


HighI out = -4mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


Low I out = 8 mA 





Notes: 



1. Ice depends on output loading condition when the device is selected, Ice max * s specified at the output open condition. 

2. The Vjn level of OE that is In test condition of OE must be lower than Vcc + 0.5V. 
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HM571000 Series 





< 
E 

CC 

u 100 
o 

< 
o 
o 

10 

1 
























































































































Room temp. 
































































































































































































































































































































































































































" 


^ 




100 1000 

Tcycle (ns) 

0080-4 



Figure 2. I CC A> IcCR vs T cyc i e 



• Capacitance (T A = 25°C) 

(V C c = 5V ±10% for HM571000JP-40/45) 
(V C c = 5V ± 5% for HM571000JP-35R) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 




Address, Data-in 


Qnl 


— 


5 


pF 


1 


Input Capacitance 


Clocks (CE,OE) 


Qn2 


— 


5 


PF 


1 




Clock (WE, RF) 


Qn3 


— 


7 


pF 


1 


Output Capacitance 


(Data-out) 


Co 


— 


10 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. OE, CE = V IH to disable D out . 

• AC CHARACTERISTICS 1 (T A = to + 70°C, V S s = 0V) 

(V C c = 5V ±10% for HM571000JP/40/45) 
(V C c = 5V ±5% for HM571000JP/35R) 

Test Conditions 

Input Pulse Levels: Vm = 3.0V, V| L = 0V 

Transition Time: tj = 3 ns 

Input Timing Reference Levels: High = 2.4V, Low = 0.8V (See Figure 3.) 

Output Timing Reference Levels: High = 2.4V, Low = 0.4V 

Output Load: See Figure 4. 




t«p=3ns 



tx=3ns 



VIH=3.0V 



X' 



VIL=0V 



f 



2.4V 
0.8V 



5V 



480Q 



DO 



2558« 



50pF* 
; (5pF* for t HZ , tiz, t wz ) 

W * Including scop & jig 



Figure 3. Input Pulse 



Figure 4. Output Load 
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HM571000 Series 



Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 










Parameter 


Symbol 


HM571000-35R 


HM571000-40 


HM571000-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read/Write Cycle Time 


tec 


75 


— 


85 


— 


90 


— 


ns 




CE Pulse Width 


*CE 


35 


5000 


40 


5000 


45 


5000 


ns 




CE Precharge Time 


tCP 


34 


— 


39 


— 


39 


— 


ns 




Address Setup Time 


Us 





— 





— 





— 


ns 




Address Hold Time 


*AH 


5 


— 


5 


— 


5 


— 


ns 




Transition Time (Rise and Fall) 


t T 


1 


10 


1 


10 


1 


10 


ns 




Refresh Period 


tREF 


— 


4 


— 


4 


— 


4 


ms 




Read Cycle 


Parameter 


Symbol 


HM571000-35R 


HM57 1000-40 


HM571000-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from CE 


*ACS 


— 


35 


— 


40 


— 


45 


ns 




Address Access Time 


*AA 


— 


25 


— 


30 


— 


30 


ns 




Access Time from OE 


tOAC 


— 


20 


— 


25 


— 


25 


ns 




Setup Time on Read 


tRS 





— 





— 





— 


ns 




Hold Time on Read 


*RH 


5 


— 


5 


— 


5 


— 


ns 




OE Setup Time 


tOES 


5 


— 


5 


— 


5 


— 


ns 




OE Enable to 
Output in Low-Z 


tLZ 





- 





- 





- 


ns 




OE Disable to 
Output in High-Z 


*HZ 


- 


15 


- 


20 


- 


20 


ns 




Output Hold Time 
from Address 


UOH 


3 


- 


3 


- 


3 


- 


ns 




Output Hold Time from CE 


tCOH 





— 





— 





— 


ns 




CE to OE Precharge Time 


tcop 


10 


— 


10 


— 


10 


— 


ns 




Write Cycle 


Parameter 


Symbol 


HM571000-35R 


HM571000-40 


HM571000-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Data Setup Time 


tow 


20 


— 


25 


— 


30 


— 


ns 




Data Hold Time 


*DH 


5 


— 


5 


— 


5 


— 


ns 




Setup Time on Early Write 


*ES 


5 


— 


5 


— 


5 


— 


ns 




WE Pulse Width 


t WP 


25 


— 


30 


— 


35 


— 


ns 




Write Hold Time from CE 


*WH 


35 


— 


40 


— 


45 


— 


ns 




WE Enable to 
Output in High-Z 


twz 


- 


15 


- 


20 


- 


20 


ns 
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HM571000 Series 



Read-Modify-Write Cycle 


















Parameter 


Symbol 


HM571000-35R 


HM571000-40 


HM57100045 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


WE Delay Time from CE 


tCWD 


35 


— 


40 


— 


45 


— 


ns 





Refresh Cycle 



Parameter 



Symbol 



HM571000-35R 



Min 



Max 



HM57 1000-40 



Min 



Max 



HM571000-45 



Min 



Max 



Unit 



Note 



RF Setup Time 



tFS 



RF Hold Time 



tFH 



Mode Selection Setup Time 



*MS 



Mode Selection Hold Time 



tMH 



20 



20 



Setup Time on CE Refresh 



tCRS 



20 



20 



Static Column Mode Cycle 




















Parameter 


Symbol 


HM571000-35R 


HM571000-40 


HM57 1000-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Static Column Address 
Setup Time 


*ASZ 


20 


- 


25 


- 


25 


- 


ns 




Address Setup Time to WE 


tws 





— 





— 





— 


ns 




Address Hold Time from WE 


tWR 





— 





— 





— 


ns 





Notes: 1. If toES > k)ES (min) and OE is held at low level, D out will be valid until the next negative transition of CE. 

2. Both t\vH an d *WP must be satisified for a delayed write cycle. 

3. If tcop < tcoP ( m in), D out cannot be guaranteed to be in high impedance. 

4. If the negative transition of OE occurs before that of CE, tLZ is controlled by CE. 

5. twp and tow are specified by the positive transition of CE or WE whichever occurs earlier. 

6. W hen W E goes low, D out becomes high impedance and is held in this condition to the next cycle. If the negative transition 
of WE occurs before that of CE, D out is controlled by CE. twz defines the time at which the output achieves the open 
circuit condition. 

7. If t£s > t£S (min), the cycle is early write and D out is in high impedance. 

8. In static column mode cycles, read operation cannot be performed after write operation. 

9. Both tAH an d t\yR must ^ e sat isified for a write cycle. 

10. tjjz defines the time at which the output achieves the open circuit condition. 

11. An initial pause of 100 jaS is required after power-up, then execute at least eight CE refresh cycles. 

12. In static column mode cycle, there must not be any invalid address inputs for static column mode (A17-A19) which are less 
than t A A- 
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HM571000 Series 



I TIMING WAVEFORMS 
• Read/Read Cycle 



CE 



RF 



N 



u 



tFS 



AO - 
A16 



A17 - 
A19 



CAS- 



tCC 



tCE 



\L 



tCP 



\ 



j ^////////U 



tFS 



WE 



OE 



m 



tRS 



Dout 



CACS 



*LZ 



\ 



. tOAC 



'tOES * 



f 



*4 



High-Z 



tLZ*^ 



tAH , ..- 
< > CAS 



;© 



tCE 



-J- 




■r mjR 



tAH 

<: *l 



:®EX 



■tBH 1 



™„ ^ tRS 
tCQP *3 



/ 



US5 



*Ui 



€ tACS » 
tOAC 



"V 



tOES*l 



*rr?tLZ n 



t£z *4 



High-Z 



:®EX 



K-^H „ 



tCOP *3_ 



.c S" 



/ 



^z 
t 



<— H tHZ *10 

z 



\) High- 



* Qtn : Don't care 
** Y//A : Donlt care 
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HM571000 Series 



> Read/Early Write Cycle 



CE 



\ 



w //f 



AO 



A16 



tAS— *-* 



A17 - 
A19 



tCC 



tCE 



;' 



i. «* — » 



„tFF 



tFS 



WE 



OE 



Din 



Ddut- 



tRS K^— * 



CACS 

< _. ^ 

^tOAC^ 



V tOES*1 
\« 



k tAH >| t a s H K I 



tec 



tCE 



tCP 



i 



^ZZ2ZZ^ 



tFS 



tAH*9 
< ^ 



«xs 



tES 7 



tRH 



^ 



.1 



^WH 



y 



tDW*5 



////////////////m 



High-7. 



fLZ*4 



tLZ*4 



<M 



tHZ*10 



«t2H*§ 



tWR *9 
-fc H 



i--i 



17 



tFH 



ffiffl 



tDH 



1. 



jLZ 



*4 



High-Z 



* V///} : Don't ca 
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HM571000 Series 



• Read/Delayed Write Cycle 



CE 



RF 



CFS 



AO - 
A16 



CAS- 



A17 - 
A19 



tCC 



tCE 



\( 



K-S2 > 



\ 



^jjTjjm 



'£ 



"P^ c, 



CRS 



WE 



OE 



Zt 



tACS 



"S 



<tOAC >| 



tOES*1 

k — - — * 



AS-*-«H 



tec 



tCE 

K ^\ 



tCP 



i 



laJ W///// L 



tPS 



tAH*9 



fflm 



< > 



^WH12 



_/ 



Din 



Dout 



High-Z 



tiasu 



® 



\ tWP*5r- 

\?3 



tDW*5 



////////////7777m — rnrm, 



CWP*5 



tWR *9 



tFH 



:\z 



^M 



tDW*5 

tDH 

1 < > 



\ 



High-Z 



* !////! : Don't care 
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HM571000 Series 



• Read/Read Cycle (OE = V|J 



CE 



RF 



7fc 

tFS 



AO - 
A16 



A17'- 
A19 



tAS- 



tCC 



tCE 



:/. 



tFH 
< > 



tCP 
< > 



■\i 



Ifo 



tFS 



tAH 

< ^ 



WE 



OE 



m 



tRS 



'IL 



ZLZ *6 . 



r 

Hifeh-Z 



Dout 



CAS. 



tCE 



i 



sm.il/i iimii 



tAH 
« > 



;®s 



W 



tRH 



tACS 



tRS 



tCOH *1 

K 4 



;$SX 



tRH 



* Din : Don't care 



zzza 



Don't care 



^Z 
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HM571000 Series 

• Read/Early Write Cycle (OE = V, L ) 



CE 



^ 



w TJy 



AO - 
A16 



A17 - 
A19 



CAS-^ 



CCC 



tCE 



^ 



^ tCP 

< > 



:* 



*W/////L. 



<E^H 



WE 



77 



OE V 



IL 



tAS-*-«- 



tcc 



tCE 

< ^ 



tFH 
< ^ 



tCP 

< *> 



mzzm 



tFS 



tAH*9 
< > 



fflSX 



tES*7 



CACS 

< — » 



^WH 



tDW*5 * 



- /////////////mm . 



Cout 



High-Z. 



^LZ*4J 




tCOfl 



AH 



CD1 






tWR *9 

Ufc »J 



1/ 



*r V- 



tFH 



$XSM 



tDH 
« » 



XZZZZZ2Z 



High-Z 



•tm*% 



* V///\ : Don't care 
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HM571000 Series 



Read/Delayed Write Cycle (OE = V| L ) 



CE 



RF 



N 



tFS 



AO 



A16 



A17 - 
A19 



tAS- 



tRS 



tCC 



tCE 



\( 



tCP 



*=&/« 



tls 



"p£i» 



WE Jft 



OE V IL 



tAS-*-«- 



m 



tec 



tCE 



tCP 



^zzzzzze 



tAH*9 



■ $mm 



tACS 

k ■ > 



< ^ 



NtWP*5 -' 
2Z¥ 



^WH 



t2 



tDW ' 5 <EdH 



Din 



Dout 



////////////////m r- Kmrnn 



High-Z 



fLZ*4 , 



tWR *9 
hfe— — H 



tWP*5 



« 5 

•tFH 



:> (MM 



CDH 

K > 



tco&r* ' 



&z^l 



Eigh-Z 



<tWZ*k 



* I/// 7 ! : Don't care 
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HM571000 Series 



' Read-Modify-Write Cycle 



CE 



RF 



N| 



ZES 



AO - 
A16 



tAS- 



^XXX 



A17 - 
A1 



-/*JLCE-*\ 



*a u//////////l ; 



tAH*9' 



m 



WE 



OE 



Din 



tRS- 



tCWD 



^ 



tWP *5 

te 5H 



tACS 



^-i- 



tWP *5 



t 



Kz^nmnnn 



Dout H i!m 



tLZ*4 




tOW *5 
f tDW*^' 



^Z2Z 



tAS 



tWR*9 



SffixffiZZZfflSXM 



tDH 



tWZ*6 



Kigh-Z 



* K///I : Don't care 
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HM571000 Series 



• Automatic Refresh Cycle 



CE 



RF 



i 



CIS 



ZZk 



tec 



tCE 



tCP 



:si 



tFS 



tFH 



^77777777> 



AO - 
A19 



WE 



Dout 



tCE 



, tFH j ///////// 

h-^//////// 



xxxxxxxxxxxyxwxxyxymxxxxxy 



ZZJ 



MS*~* 



,tMH, 



V///////A 



• tMS 



- y/////// 



High-Z 



* AO - A19: Don't care 

** OE, Din •* Don't care 

*** F777I : Don,t care 
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HM571000 Series 
• CE Refresh 



CE 



V*— f 



RF 



AO - 
A8 



tFS 



tAS 



tCC 



tCE 

* ^ L tCP 



"^ 



SPZZZZZZZZ^ 

— - CFS 



tAH 



tAS- 



tCE 

< =H 



f 



La K/////////// 



tAH 



$m 



^ WYXyxYm^ 



tRS- 



WE 



OE 



Dout 



Z? 



Z£ 



tCRS 



tHZ 



m 



*to 



CRH 



tR£_ 



3777; 

tCOP f — 



w 



tCRS 



CRH 

< 5* 



V 



l^2L 



WZ 



High-Z 



Din : Don't care 
** V//A : Don't care 
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HM571000 Series 



• Static Column Mode Read Cycle 



CE 



RF 



AO 



A16 



A17 - 
A19 



WE 



OE 



Dout 



X 



U 



tFS 



tAS . 



tFH 



> cp A 



W//////////////77777 



D 



tRS 



High-Z 



tACS 



u^OAC^ 



c tLZ * 4 ,i 



tLZ 



*l 



i tASZ 



3"C 



tAH 



;®SM 



< TAA> 



2 



tAOH 



tRH 



:«M 



WT7T77 



A 



tHZ 
K — > 



High-Z 



* Din : Don't care 

** V//A : Don't care 
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HM571000 Series 

• Static Column Mode Read Cycle (OE = Vu.) 



CE 



RF 



AO - 
A16 



A17 - 
A19 



WE 



OE 



Dout 



1 



71 



tFS 



tAS . 



]/ 



tFH 



> p A 



\ i/////////////////77 77 



n 



tRS 

V IL 



High-Z 



tACS 
< -- M 



tLZ*4 J 
< > 



®< 



tASZ 



a 



tAH 



ktokm 



tAA, 



12 



<. ' ""» 



tAOH 



tRH 



:«SEX 



W22 



tCOH' 



*1 



ffl 



*Din : Don't care 

** V//A : Don't care 
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• Static Column Mode Write Cycle *& (1st Cycle = Early Write Cycle) 



HM571000 Series 



CE 



RF 



AO - 
A16 



A17 - 
A19 



WE 



OE 



Din 



Dout 



U 



tFSI 



tAS. 



/ 



tFH 



W///////////////777 



VE 



tWR 



tWH 



tDW 



* 



i 



ffiX 



tWP*5 * 



Ed?? 

*5 



tAH*9 



:$M 



*• tWR *9 



tDH 



A 



Mto3®^ffl 



L 



tWZ*6 



4 



tHZ*10 



High-Z 



* V/ /A : Don't care 
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HM571000 Series 

• Static Column Mode Write Cycle * 8 (1st Cycle = Delayed Write Cycle) 



CE 



RF 



AO - 
A16 



A17 - 

A19 



WE 



OE 



Din 



Douc 



V\ 



tFSf 



r«— £ 



tAS. 



tFH 



K////////////////777 



tWH*2 tWR 



V 



tWP 



k CDff 






MS 



, -^j^ tWS 

CWP*5 * 



|«-*""tDl? 



*5 



tAH*9 



m 



tWR *9 



CDH 



/. 



tWZ*6 
te H 



// 



tHZ*10 



tDH E — ; 



mmm r^mt %km 



*-tWZ*6 



/ . 

/ / / 



/ 



gtDW*!i 



High-Z 



* V//A : Don't care 
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HM574256 Series 



262,144-Word x 4-Bit High Speed Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM574256 is a super high speed dynamic RAM organized 
262,144-word x 4-bit. HM574256 has realized higher density, higher performance 
and various functions by employing 1.3 jam Bi-CMOS technology and some new 
Bi-CMOS circuit design technologies. The HM574256 offers 2-bit static column 
mode as a high speed access mode. 

■ FEATURES 

• Single 

5V (±10%) for HM574256JP/ZP-40/45 
5V (±5%) for HM574256JP/ZP-35R 

• High Speed 

Access Time 

• 51 2 Refresh Cycles 

• 2 Variations of Refresh 

CE Refresh 
Automatic Refresh 

• 2 Bits Static Column Mode 



. 35 ns/40 ns/45 ns (max) 
(4 ms) 



ORDERING INFORMATION 



Part No. 


Access Time 


Package 


Note 


HM574256JP-35R 

HM574256JP-40 
HM574256JP-45 


35 ns 
40 ns 
45 ns 


300 mil 28-pin 
Plastic SOJ 
(CP-28DN) 




HM574256ZP-35R 

HM574256ZP-40 
HM574256ZP-45 


35 ns 
40 ns 
45 ns 


400 mil 28-pin 
Plastic ZIP 
(ZP-28) 


1 
1 
1 



Note: 1. ZIP type products are preliminary. 
■ PIN DESCRIPTION 



Pin Name 


Function 


Ao-A 8 


Address Input for CE Refresh 


A9-A16 


Address Input 


An 


Address Input for Static Column Mode 


CE 


Chip Enable 


OE 


Output Enable 


WE 


Read/Write Enable 


I/O0-I/O4 


Data-in/Data-out 


RF 


Refresh Control 


v C c 


Power ( + 5V) 


v S s 


Ground 



HM574256JP Series 




(CP-28DN) 



HM574256ZP Series 




PIN OUT 



HM574256JP Series 


A13[T 


~^=^~ 


Iv C c 


A12Q 




13 A14 


ah LI 




H A15 


AiofT 




H A16 


A9 CI 




~M A8 


A3 [T 




"23l A7 


A2 [T 




12 A6 


Al \j[ 




"111 A5 


ao Q 




"20| A4 


RF Qo 




H A17 


CE 111 




"Til A18 


0E [U 




III A19 


WE {U 




HDin 


VssQI 




Tsl Dout 






0082-1 


(Top View) 



(ZP-28) 



HM574256ZP Series 



cF 2 





r.= 








WE 4 












1/02 6 










1/04 8 










v ss 10 










Al 12 












AS 14 












A7 16 






A3 18 






A8 20 












A15 22 












A13 24 












All 26 












A9 28 




„ 







(Bottom View) 
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HM574256 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vgg 


v T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


!oS 


50 


mA 


Power Dissipation 


P T 


0.8 


W 


Operating Temperature 


*opr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



I ELECTRICAL CHARACTERISTICS 

■ Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


-35R 


v C c 


4.75 


5.0 


5.25 


V 




-40/-45 


4.50 


5.50 




Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1,3 


Input Low Voltage 


VlL 


-1.0 


— 


0.8 


V 


1,2 



Notes: 1. All voltage referenced to Vss- 

2. The device will withstand undershoots to the — 2V level with a maximum pulse width of 20 ns at the 
Figure 1.) 



• 1.5V level. (See 



VIH 


-1.0 V 


\ 


/ -1.5 V 


\ 


/ -2.0 V 


£ 20 ns (max) 

0082-3 



Figure 1. Undershoot of Input Voltage 

3. The V IH level of OE shall be lower than V cc + 0.5V. 

• DC Electrical Characteristics 0a = to + 70°C, Vss = ov ) 

(Vcc = 5V ±10% for HM5474256JP-40/45) 
(V C c = 5V ±10% for HM5474256JP-35R) 



Parameter 


Symbol 


HM574256-35R 


HM574256-40 


HM574256-45 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Normal Operating Current 


!cCA 


See Figure 2 


mA 




1 


Refresh Current 


!CCR 


See Figure 2 


mA 




1 


Standby Current 


Ices 


— 


5 


— 


5 


— 


5 


mA 






Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


uA 


0V < V in < 7V 


2 


Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


JLlA 


0V < V out < 7V, 
D out = Disable 
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HM574256 Series 



• DC Electrical Characteristics (T A = to + 70°C, Vss = OV) 

(V C c = 5V ±10% for HM5474256JP-40/45) 

(V C c = 5V ±10% for HM5474256JP-35R) (continued) 



Parameter 


Symbol 


HM574256-35R 


HM574256-40 


HM574256-45 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Output High Voltage 


VOH 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


High I out = -4 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


LowI out = 8 mA 





Notes: 1. Ice depends on output loading condition when the device is selected, Ice max * s specified at the output open condition. 
2. The V in level of OE that is I L i test condition of OE must be lower than V C c + 0.5V. 



1000 
1 100 
















































































































































Ta-ssr 
























tCE-lOE-mm 










\ 


v. 














1 
1 












-» »*— 
























X 
























V 


























k 
























\ 
























\ 


\ 






























10 100 1000 
Tcycie (re) 

0082-4 



Figure 2. I CCA , I C cr vs T cyc i e 



• Capacitance (T A = 25°C) 

(V C c = 5V ±5% for HM5474256JP-40/45) 

(V C c = 5V ±5% for HM5474256JP-35R) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 




Address, Data-in 


Qnl 


— 


5 


pF 


1 


Input Capacitance 


Clock (CE,OE) 


Qn2 


— 


5 


pF 


1 




Clock (WE, RF) 


Qn3 


— 


7 


pF 


1 


Output Capacitance (Data-in, Data-out) 


Q/o 


— 


10 


pF 


1,2 




Notes: 



1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. OE, CE = V IH to disable D out . 



• AC Characteristics (T A = to +70°C, V ss = 0V)1 
(V C c = 5V ±10% for HM5474256JP-40/45) 
(V C c = 5V ±10% for HM5474256JP-35R) 



Test Conditions 

Input pulse levels: Vm = 3.0V, V|l = 
Transition time: Xj = 3 ns 
Input timing reference levels: High = 
Output timing reference levels: High 
Output load: See Figure 4. 



0V 

2.4V, Low = 0.8V (See Figure 3.) 
= 2.4V, Low = 0.4V 



t-j=3ns 



t«j*3ns 



VIL=0V 



r: 



Figure 3. Input Pulse 



»480Q 



°o< 



4= 50pF* 
I (5pF* for t HZ , t LZ> t wz ) 

* Including scope & jig 



Figure 4. Output Load 
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HM574256 Series 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM574256-35R 


HM574256-40 


HM574256-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read/Write Cycle Time 


tec 


75 


— 


85 


— 


90 


— 


ns 




CE Pulse Width 


*CE 


35 


5000 


40 


5000 


45 


5000 


ns 




CE Precharge Time 


tcp 


34 


— 


39 


— 


39 


— 


ns 




Address Setup Time 


tAS 





— 





— 





— 


ns 




Address Hold Time 


Uh 


5 


— 


5 


— 


5 


— 


ns 




Transition Time (Rise and Fall) 


t T 


1 


10 


1 


10 


1 


10 


ns 




Refresh Period 


tREF 


— 


4 


— 


4 


— 


4 


ms 




Read Cycle 


Parameter 


Symbol 


HM574256-35R 


HM574256-40 


HM574256-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from CE 


*ACS 


— 


35 


— 


40 


— 


45 


ns 




Address Access Time 


*AA 


— 


25 


— 


30 


— 


30 


ns 




Access Time from OE 


tOAC 


— 


20 


— 


25 


— 


25 


ns 




Setup Time On Read 


tRS 





— 





— 





— 


ns 




Hold Time on Read 


*RH 


5 


— 


5 


— 


5 


— 


ns 




OE Setup Time 


tOES 


5 


— 


5 


— 


5 


— 


ns 




OE Enable to Output in Low-Z 


tLZ 





— 





— 





— 


ns 




OE Disable to Output in High-Z 


*HZ 


— 


15 


— 


20 


— 


20 


ns 




Output Hold Time from Address 


tAOH 


3 


— 


3 


— 


3 


— 


ns 




Output Hold Time from CE 


tCOH 





— 





— 





— 


ns 




CE to OE Precharge Time 


tcop 


10 


— 


10 


— 


10 


— 


ns 




Write Cycle 


Parameter 


Symbol 


HM574256-35R 


HM574256-40 


HM574256-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Data Setup Time 


*DW 


20 


— 


25 


— 


30 


— 


ns 




Data Hold Time 


tDH 


5 


— 


5 


— 


5 


— 


ns 




Setup Time on Early Write 


*ES 


5 


— 


5 


— 


5 


— 


ns 




WE Pulse Width 


t W P 


25 


— 


30 


— 


35 


— 


ns 




Write Hold Time from CE 


t\VH 


35 


— 


40 


— 


45 


— 


ns 




WE Enable to Output in High-Z 


twz 


— 


15 


— 


20 


— 


20 


ns 




OE to D m Delay Time 


tODD 


15 


— 


20 


— 


20 


— 


ns 




OE Hold Time from WE 


tOEH 


15 


— 


20 


— 


20 


— 


ns 




CE Setup Time from Dj n 


*DZC 





— 





— 





— 


ns 
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HM574256 Series 



Read-Modify-Write Cycle 


















Parameter 


Symbol 


HM574256-35R 


HM574256-40 


HM574256-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


WE Delay Time from CE 


tc\VD 


35 


— 


40 


— 


45 


— 


ns 





Refresh Cycle 




















Parameter 


Symbol 


HM574256-35R 


HM574256-40 


HM574256-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


RF Setup Time 


tFS 


5 


— 


5 


— 


5 


— 


ns 




RF Hold Time 


tFH 


15 


— 


15 


— 


15 


— 


ns 




Mode Selection Setup Time 


*MS 





— 





— 





— 


ns 




Mode Selection Hold Time 


tMH 


15 


— 


20 


— 


20 


— 


ns 




Setup Time on CE Refresh 


tCRS 


15 


— 


20 


— 


20 


— 


ns 





Static Column Mode Cycle 




















Parameter 


Symbol 


HM574256-35R 


HM574256-40 


HM574256-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Static Column Address Setup Time 


*ASZ 


20 


— 


25 


— 


25 


— 


ns 




Address Setup Time to WE 


tws 





— 





— 





— 


ns 




Address Hold Time from WE 


*WR 





— 





— 





— 


ns 





Notes: 1. If toES > k)ES (min) and OE is held at low level, D ou t will be valid until the next negative transition of CE. 

2. Both twH an£ * twp must be satisfied for a delayed write cycle. 

3. If tcoP < tcOP (min), D out cannot be guaranteed to be in high impedance. 

4. If the negative transition of OE occurs before that of CE, t^z is controlled by CE. 

5. t\vp andtpw are specified by the positive transition of CE or WE whichever occurs earlier. 

6. When WE goes low, D out becomes high impedance and is held in this condition to the next cycle. If the negative transition 
of WE occurs before that of CE, D out is controlled by CE. t\yz defines the time at which the output achieves the open 
circuit condition. 

7. If tES > t£S (min), the cycle is early write and D out is in high impedance. 

8. In static column mode cycles, read operation cannot be performed after write operation. 

9. Both tAH anc * twR must be satisfied for a write cycle. 

10. tnz defines the time at which the output achieves the open circuit condition. 

11. An initial pause of 100 juts is required after power-up, then execute at least eight CE refresh cycles. 

12. During I/O pins are in the output state, Data-in shall not be applied to I/O pins. So, in all write cycles (early write, delayed 
write and read-modify-write), OE must go to high level to disable the output buffer prior to applying data to the device. 

13. In static column mode cycle, there must not be any invalid address inputs for static column mode (A 17) which are less than 
tAA- 
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HM574256 Series 



■ TIMING WAVEFORMS 
• Read/Read Cycle 



CE 



RF 



"^ 



Z£' 



tFS 



AO 



A16 



tAS- 



A17 



WE 



OE 



'Out 



tec 



tCE 



\t 



tCP 



x uni/iiit - 



tFS 



tAH 
«— - & 



w 

tRS 



SAGS 



tlZ 



\ 



. tOAC 



"tOES *t 



*4 . 



High-Z 



tLZ** 



tAS 



-H 



£ &/////////// 



tAH 
<e > 



;®ex 



^p 



;^: 



tCOP*3 



tRS 



J 



tHZ*10 
( i 



tACS, 



tOAC 



tOES*1 



tLZ*4 
tLZ*5 ' 



High-Z 



;®S 



tRH 



,, tCOP *3^ 

< ■ ' ^ 



EZ 



KL 



CHZ *10 

High-Z 



* Di Q : Don't care 
** K///1 : Don't care 
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HM574256 Series 



• Read/Early Write Cycle 



CE 



RF 



"^ 



m 



AO - 
A16 



CAS- 



A17 



WE 



CCC 



CCC 



■ X 



tCE 



^*-£2 — ^ 



e &//////t ; 

tFS 



^ 



Z> 



tRS 



CACS 

< > 



- zzzza 



Din 



Dout 



High- 3 



[tOES*^ 



£LZ^ 



cLZ*4 



<$ 



CAS-»-«- 



cCE 
< => 



/ eC? 



K 



aJ! ////////////7 



£52 



PM 



tES*7 



tRH 



;^ 



/ 



:WH 



~mr 



tODD*1? 



CHZ*10 



! 



*5 
ejtDW 

etpwa 



mm 



tWR *9 



*5 -: 



tDH 



cLZ*4 



e-tDZc 



£LZ^ 



High-Z 



7777] : Den' 
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HM574256 Series 



' Read/Delayed Write Cycle 



CE 



RF 



^-, fCE 



N-*- 



cFS 



AO - 
At 6 



A17 



tAS- 



CCC 



u — 



-j 



II cFS 



^S^i 



tRS 



WE 



OE 



v- 



CACS 
< > 



Din 



Dout 



High-Z 



a 



CLZ**4 



eOES*1 
<z &. 



CLZ*4 



CCC 



CCE 
« => 



CC? 



aJ 7/////^ 



CAH*9 
< > 



:otxk 



tWH 



/ 



.tWP*5 




tDW*5 
tDW*5 



tODD*l2 



tHZ*10 



tWR*9 



tFH 



a 



Mffl 



tOEH 



S 



CDH 



tDZC 



tLZ*4 



urn 



High-Z 



* '////I : 3cn' 
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HM574256 Series 



Read/Read Cycle (OE = V, L ) 



CE 



RF 



U 



CFS 



AO - 
A16 



A17 



tAS- 



tec 



tCE 



3 



tCP 



% 



^////////L 



tFS 



tAH 
< ^ 



WE 



m 



tRS 



tACS 



OE V. 



IL 



XLZ *4 . 



D cue 



High-Z 



CAS- 



;© 



< ^ 



tFH 

r* * 



KZZZZ 



tAH 

<. > 



w: 



tRH tRS 



tACS , 



F 7 






* Din: Don't care 
** Y/ /A : Don't care 
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HM574256 Series 



> Read-Modify-Write Cycle 



CE 



RF 



AO - 
A16 



AI7 



WE 



"\| 



7M 



CAJ. 



7 tCP \ 



* &///////////& 



tAH*2^_^. 



W. 



W 



tRS 



Din 



Douc 



tLZ* 
High-Z * > 



tCWD 



^ tACS ^ 



tOAC 



-*/ 



CLZ*4 



I* 



*12 
tODC 



CWP*5 



tWP*5 



3" 



i cmj*v 



COEH 



tDW*5. 



^2 



.tAS 



3 tWR*9 



TZZZ7 



tWZ*6 



CDH 



m, ' * m%m 



High-Z 



tHZ*lO 



*EZ2 : Don' 
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HM574256 Series 



• Automatic Refresh Cycle 



CE 



RF 



AO - 
A17 



WE 



Dout 



tFS 



m 



tec 



tCE 



X — - 



tFH 



tCP 



tFS 



mrmrm 



CCE 



tFH 
< » 



H//////J/ 



wmmmmmmmm^ 



tMS*"* 



.tMH, 



V/////M 



tMS 



,- y /////// 



High-Z 



* AO - A17 : Don't care 

** OE, DLn : Don't care 

*** K///I : Don ' c care 
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HM574256 Series 
• Cl Refresh 



CE 



t 



RF 



AO - 
A8 



A9 - 
A17 



WE 



OE 



Dout 



cFS 



CAS" 



tCC 



tCE 



< 



CC? 



\e &////////i : 

I cFS 



K-^< 



CAS- 



CCE 



= M////////// 



lJAH^ 



« 



CRS J <■ tBH -J tRS-J-e < t3H =J 




2 

2$ 



tCRS 



3Z2? 



tCOP 
« — f-* 



«-£ tHZ 



*10 



v? 



tCRS 



V 



JtCOPj 



^7777 



High-Z 



* Din : Don't care 

**ZZZ2 : DoaTc care 
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HM574256 Series 



• Static Column Mode Read Cycle 



CE 



RF 



u 



TK 



CFS 



AO 



A16 



A17 



WE 



OE 



tAS 



tFH 



tCP 



V, '////// ' /-/777777Z7777 



n 



tRS «-* 



High-Z 



• CACS 



"tfz! 



l< tLZ * 4 >i 



CL2 



CASZ 



L 



tAH 



: mmx 



■JAA 



*13 



tAOH 



CKH 



:«s™ 



k/////// 



tHZ 



\ 



High-Z 



* DLi: Don't care 

** V//A : Don't care 
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HM574256 Series 

• Static Column Mode Read Cycle (OE = V||_) 



CE 



RF 



■si 



IA 



tPS 



AO - 
A16 



A17 



WE 



OE 



'out 



tAS . 



/ 



tFH 



"■•" A 



W//////////////777777 



a 



cRS 



IL 



Hieh-Z 



CACS 

< *J 



tLZ*4. 



tASZ 






tAH 



:®ra 



<: fM> 



;3 



CAOH 



tRH «e-* 



: «M 



^77777 



*-»tCOH 



SS 



* Din i Don't care 
** Y//A i Don't care 
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• Static Column Mode Write Cycle® (1 st Cycle = Early Write Cycle) 



HM574256 Series 



CE 



RF 



AO - 
A16 



A17 



w 



OE 



Din 



Dout 



V 



tFS 



CAS 



r 



tFH 



H////////////////777 



tES*7 

< k 



J 



-f=- 



tWH 



tOEH 



CODD* 1 2 



tDW 



ml 



J. 



tWS 



tWP*5* 



tWP*5. 



' t 



tDW 
*5_ 



-iCAH ' 



*-*tAH 



UQ1L, 



I W/7/7//////////77 

»| tDW*p 



CDH 



WZZZ®: ;ffl 



cHZ'M ) 



High-Z 



*!ZZZ3 : 



Don c care 
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HM574256 Series 

• Static Column Mode Write Cycle 8 (1st Cycle = Delayed Write Cycle) 



CE 



RF 



AO - 
A16 



A17 



WE 



OE 



Din 



Dout 



\ 



7/ 



tFS 



CAS 



J 



r 



CFH 



- K///////////////777 



j 



CWH*2 



\fc 



CODD*12 



tWP 



CHZ'M 



e i 



tDW 



mi 



X 



*9 



<— *tAH 



tWS 



tWP*5 



tWP*5J 



J tDW 




tWR 



UtfL 



k — *tDH k d cDW*6 




X$& 



High-Z 



* Ml 



: Don' c care 
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HM574100 Series 



Preliminary 



4, 194,304- Word x 1-Bit High Speed Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM574100 is a super high speed dynamic RAM organized 
4,194,304-word x 1-bit. HM574100 has realized higher density, higher performance 
and various functions by employing 0.8 jam Bi-CMOS technology and some new Bi- 
CMOS circuit design technologies. The HM574100 offers 8 bit static column mode 
as a high speed access mode. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 

• 2,048 Refresh Cycles 

• 2 Variations of Refresh 

CE Refresh 
Automatic Refresh 

• 8 Bits Static Column Mode 

■ ORDERING INFORMATION 



.35 ns/40 ns/45 ns (max) 
(16 ms) 



HM574100JP Series 




(CP-32D) 



PIN OUT 



Part No. 


Access Time 


Package 


HM574100JP-35 
HM574100JP-40 
HM574100JP-45 


35 ns 
40 ns 
45 ns 


300 mil 32-pin 
Plastic SOJ 
(CP-32D) 



PIN DESCRIPTION 



Pin Name 


Function 


Aq-j 


Mo 


Address Input 
for CE Refresh 


An- 


Ais 


Address Input 


A 19 - 


A 2 1 


Address Input for 
Static Column Mode 


CE 


Chip Enable 


OE 


Output Enable 


WE 


Read/Write Enable 


Din 


Data-in 


D ut 


Data-out 


RF 


Refresh Control 


v C c 


Power ( + 5V) 


Vss 


Ground 



HM574100JP Series 




I — ^i^n 




v S s CI 




Iv CC 


A14( 2 




"3ll A15 


A13fT 




35! A16 


A12fT 




H A17 


All [T 




"28l A18 


AS [T 




T7\ A6 


A4 [T 




2§h A7 


A3 [T 




HI A8 


A2 [T 




24] A9 


Al [To 




"23l A10 


A0 (TT 




"22l A19 


RF ODE 




HI A20 


CE [11 




"20] A21 


OE [14 




19] Din 


VE IB" 




H] Dout 


v S s 51 




HlVcc 


0079-1 

(Top View) 




HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (41 5) 589-8300 



667 



HM574100 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V§s 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§s 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


!os 


50 


mA 


Power Dissipation 


P T 


0.8 


W 


Operating Temperature 


T opr 


to + 70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



I ELECTRICAL CHARACTERISTICS 
Recommended DC Operating Conditions 0a = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


Vil 


-1.0 


— 


0.8 


V 


1,2 



Notes: 



1. All voltage referenced to Vgs- 

2. The device will withstand undershoots to the 
Figure 1.) 



■ 2.0V level with a maximum pulse width of 20 ns at the — 1.5V level. (See 



Vttt — 




V IH — \ 


. 1.0 V 

L -1,5 V 


\ 


/ ,. „ -2,0 v 


$ — 20 ns (max) 

0079-2 



Figure 1. Undershoot of Input Voltage 
• DC Electrical Characteristics (T A = to + 70°C, V C c = 5V ±10%, V S s = 0V) 



Parameter 


Symbol 


HM574100-35 


HM574100-40 


HM574100-45 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Normal Operating Current 


!CCA 


TBD 


TBD 


TBD 


TBD 


TBD 


TBD 


mA 




1 


Refresh Current 


!CCR 


TBD 


TBD 


TBD 


TBD 


TBD 


TBD 


mA 




1 


Standby Current 


ices 


— 


5 


— 


5 


— 


5 


mA 






Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


/jA 


0V < V ln < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


uA 


0V<V out <7V 
D out = Disable 




Output High Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


HighI out = -4mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


Lowl out = 8 mA 





Note: 1. Ice depends on output load condition when the device is selected, Ice m ax is specified at the output open condition. 
• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance 


Address, Data-in 


Q„i 


— 


5 


pF 


1 


Clock 


Qn2 


— 


5 


pF 


1 


Output Capacitance 


(Data-out) 


Co 


— 


7 


pF 


1,2 



Notes: 



1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. OE, CE = V IH to disable D out . 
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HM574100 Series 



• AC CHARACTERISTICS 1 (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 

• Test Conditions 

Input Pulse Levels: V| H = 3.0V, V tL = 0V 
Transition Time: Xj = 3 ns 

Input Timing Reference Levels: High = 2.4V, Low = 
Output Timing Reference Levels: High = 2.4V, Low 
Output Load: See Figure 3. 



0.8V (See Figure 2.) 
= 0.4V 



tT=3ns 



t-p=3ns 



VIH=3.0V 



V 



VIL=0V • 



+-2.4V 
" 0.8V 



&80Q 



DO 



255Q > ^OpF 1 



W 



(5pF* for tjjz, t£, Z , t wz ) 

0079-4 

"Including scope & jig 



Figure 2. Input Pulse Figure 3. Output Load 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HM574100-35 


HM574100-40 


HM574100-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read/Write Cycle Time 


tec 


70 


— 


80 


— 


90 


— 


ns 




CE Pulse Width 


*CE 


35 


5000 


40 


5000 


45 


5000 


ns 




CE Precharge Time 


tcp 


29 


— 


34 


— 


39 


— 


ns 




Address Setup Time 


tAS 





— 





— 





— 


ns 




Address Hold Time 


*AH 


5 


— 


5 


— 


5 


— 


ns 




Transition Time (Rise and Fall) 


t T 


1 


10 


1 


10 


1 


10 


ns 




Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


ms 




Read Cycle 


Parameter 


Symbol 


HM574100-35 


HM574100-40 


HM574100-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from CE 


Ucs 


— 


35 


— 


40 


— 


45 


ns 




Address Access Time 


Ua 


— 


25 


— 


30 


— 


30 


ns 




Access Time from OE 


tOAC 


— 


20 


— 


25 


— 


25 


ns 




Setup Time on Read 


tRS 





— 





— 





— 


ns 




Hold Time on Read 


tRH 


5 


— 


5 


— 


5 


— 


ns 




OE Setup Time 


*OES 


5 


— 


5 


— 


5 


— 


ns 




OE Enable to Output in Low-Z 


tLZ 





— 





— 





— 


ns 




OE Disable to Output in High-Z 


tHZ 


— 


15 


— 


20 


— 


20 


ns 




Output Hold Time from Address 


tAOH 


3 


— 


3 


— 


3 


— 


ns 




Output Hold Time from CE 


tCOH 





— 





— 





— 


ns 




CE to OE Precharge Time 


tCOP 


10 


— 


10 


- 


10 


- 


ns 
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HM574100 Series 
Write Cycle 



Parameter 






HM574100-35 


HM574100-40 


HM574100-45 


Unit 


Note 


oyinoui 


Min 


Max 


Min 


Max 


Min 


Max 


Data Setup Time 


tDW 


20 


— 


25 


— 


30 


— 


ns 




Data Hold Time 


*DH 


5 


— 


5 


— 


5 


— 


ns 




Setup Time on Early Write 


*ES 


5 


— 


5 


— 


5 


— 


ns 




WE Pulse Width 


t W p 


25 


— 


30 


— 


35 


— 


ns 




Write Hold Time from CE 


*WH 


35 


— 


40 


— 


45 


— 


ns 




WE Enable to 
Outupt in High-Z 


twz 


- 


15 


- 


20 


- 


20 


ns 




Read-Modify-Write Cycle 


Parameter 


Symbol - 


HM574100-35 


HM574100-40 


HM574100-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


WE Delay Time from CE 


tCWD 


35 


— 


40 


— 


45 


— 


ns 




Refresh Cycle 


Parameter 


Symbol 


HM574100-35 


HM574100-40 


HM574100-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


RF Setup Time 


*FS 


5 


— 


5 


— 


5 


— 


ns 




RF Hold Time 


tFH 


15 


— 


15 


— 


15 


— 


ns 




Mode Selection Setup Time 


tMS 





— 





— 





— 


ns 




Mode Selection Hold Time 


*MH 


15 


— 


20 


— 


20 


— 


ns 




Setup Time on CE Refresh 


tCRS 


15 


— 


20 


— 


20 


— 


ns 




Static Column Mode Cycle 


Parameter 


Symbol 


HM574100-35 


HM574100-40 


HM574100-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Static Column Address 
Setup Time 


tASZ 


20 


- 


25 


- 


25 


- 


ns 




Address Setup Time to WE 


tws 





— 





— 





— 


ns 




Address Hold Time from WE 


t\VR 





— 





— 





- 


ns 





Notes: 1. If toES > toES (min) and OE is held at low level, D out will be valid until the next negative transition of CE. 

2. Both t\vH an d twp must t> e satisified for a delayed write cycle. 

3. If tcoP < tcOP ( mm )> Dput cannot be guaranteed to be_in high impedance. 

4. If the negative transition of OE occurs before that of CE, tjjj is controlled by CE. 

5. t\vp and t£>w are specified by the positive transition of CE or WE whichever occurs earlier. 

6. When WE goes low, D out becomes high impedance and is held in this condition to the next cycle. If the negative transition 
of WE occurs before that of CE, D out is controlled by CE. twz defines the time at which the output achieves the open 
circuit condition. 

7. If t£s > tES (m m )> the cycle is early write and D out is in high impedance. 

8. In static column mode cycles, read operation cannot be performed after write operation. 

9. Both tAH anc * tWR mu st be satisified for a write cycle. 

10. tnz defines the time at which the output achieves the open circuit condition. 

11. An initial pause of 100 jus is required after power-up, then execute at least eight CE refresh cycles. 

12. In static column mode cycle, there must not be any invalid address inputs for static column mode (A19-A21) are less than 
Ua- 
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HM574100 Series 



I TIMING WAVEFORMS 
• Read/Read Cycle 



T9«- 



m 



AO- 
A18 



A19- 
A21 



* *////////X ~ 

r ? f$ 



3®; 



^ 



WE ' '"*" 



t«- 



OE 



t*cs 



«££■ 



'H 



W 1 



High . Z 



tu' 4 



t*s- 



-w 



^ 



MS 



j@Z 



/ 



W 3 



7' 






t*c$ 



\ 



< t0 * t _. > 



tot.*' 



-w. 



High-Z 



:$sx 



<-*=^-M 



^ 



High»Z 



• Din : Don't cart 
: Oon't care 
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HM574100 Series 

• Read/Early Write Cycle 



Vc 



Ife 



m 



AO- 
A18 



A19- 
A21 



t*s-> 



■ir 



*Z^2Z^' 



:®C 



■Zf 






<* — ► 

W 1 

4 ► 



t*$- 






*cc 
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HM574100 Series 



• Read/ Delayed Write Cycle 
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HM574100 Series 



• Read/Read Cycle (OE = V IL ) 
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HM574100 Series 



• Read/Early Write Cycle (OE = V, L ) 
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HM574100 Series 



• Read/Delayed Write Cycte (OE = V| L ) 
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HM574100 Series 



• Read-Modify-Write Cycle 
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HM574100 Series 



> Automatic Refresh Cycle 
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• CE Refresh Cycle 
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HM574100 Series 



• Static Column Mode Read Cycle 
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HM574100 Series 

• Static Column Mode Read Cycle (OE = V||_) 
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• Static Column Mode Write Cycle* 8 (1st Cycle = Early Write Cycle) 



HM574100 Series 
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HM574100 Series 

• Static Column Mode Write Cycle* 8 (1st Cycle = Delayed Write Cycle) 
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HM574400 Series 



Preliminary 



1,048,576- Word x 4-Bit High Speed Dynamic Random Access Memory 

■ DESCRIPTION 

The Hitachi HM574400 is a super high speed dynamic RAM organized 
1 ,048,576-word x 4-bit. HM574400 has realized higher density, higher performance 
and various functions by employing 0.89 jam Bi-CMOS technology and some new 
Bi-CMOS circuit design technologies. The HM574400 offers 2-bit static column 
mode as a high speed access mode. 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 

• 2048 Refresh Cycles 

• 2 Variations of Refresh 

CE Refresh 
Automatic Refresh 

• 2 Bits Static Column Mode 

■ ORDERING INFORMATION 



. 35 ns/40 ns/45 ns (max) 
(16 ms) 




PIN OUT 



Part No. 


Access Time 


Package 


HM574400JP-35 
HM574400JP-40 
HM574400JP-45 


35 ns 
40 ns 
45 ns 


300 mil 32-pin 
Plastic SOJ 
(CP-32D) 



PIN DESCRIPTION 



Pin Name 


Function 


Ao-Aio 


Address Input for CE Refresh 


Aii-Ai 8 


Address Input 


A 19 


Address Input for Static Column Mode 


CE 


Chip Enable 


OE 


Output Enable 


WE 


Read/Write Enable 


I/O1-I/O4 


Data-in/Data-out 


RF 


Refresh Control 


v C c 


Power ( + 5V) 


v ss 


Ground 



HM574400JP Series 




I — ^=^1 




vssd 




Iv cc 


au[T 




UIais 


A13Q 




JJA16 


A12 1T 




HJA17 


All I 5 




"28|A18 


AS [T 




"27JA6 


A4 [T 




HA7 


A3 [T 




25l A8 


A2 [T 




"24JA9 


Al [ic[ 




Haio 


A0 m 




"22JA19 


RF (l2 




121/04 


CE [l3 




20l 1/03 


0E [14 




H 1/02 


WE [l? 




33l/01 


v S s Si 




HIVcc 


0081-1 

(Top View) 
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HM574400 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V§s 


v T 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§s 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


!oS 


50 


mA 


Power Dissipation 


P T 


0.8 


W 


Operating Temperature 


T pr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


Vil 


-1.0 


— 


0.8 


V 


1,2 



Notes: 1. All voltage referenced to Vss- 

2. The device will withstand undershoots to the — 2.0V level with a maximum pulse width of 20 ns at the — 1.5V level. (See 
Figure 1.) 



VlH 




•1.0 V 



-1.5 V 
-2.0 V 



20 ns (max) 



Figure 1. Undershoot of Input Voltage 
• DC Electrical Characteristics (T A = to + 70°C, V C c = 5V ±10%, V S s = 0V) 



Parameter 


Symbol 


HM574400-35 


HM574400-40 


HM574400-45 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Normal Operating Current 


!CCA 


TBD 


TBD 


TBD 


TBD 


TBD 


TBD 


mA 




1 


Refresh Current 


ICCR 


TBD 


TBD 


TBD 


TBD 


TBD 


TBD 


mA 




1 


Standby Current 


!CCS 


— 


5 


— 


5 


— 


5 


mA 






Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V in < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


juA 


0V<V out <7V, 
D out = Disable 




Output High Voltage 


VOH 


2.4 


v C c 


2.4 


v C c 


2.4 


Vcc 


V 


HighI out = -4mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


LowI out = 8 mA 





Note: 1. Ice depends on output loading condition when the device is selected, Ice max i s specified at the output open condition. 
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HM574400 Series 



• Capacitance (T A = 25°C, V C c = 5V ±10%) 












Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance 


Address, Data-in 


Qnl 


— 


5 


pF 


1 


Clock 


Qn2 


— 


5 


pF 


1 


Output Capacitance (Data-in, Data-out) 


Ci/o 


— 


10 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. OE, CE = V IH to disable D out . 



5V ±10%, V SS = 0V) 



• AC Characteristics 1 (T A = to +70°C, V C c= 
Test Conditions 

Input Pulse Levels: Vm = 3.0V, V| L = 0V 

Transition Time: tj = 3 ns 

Input Timing Reference Levels: High = 2.4V, Low = 0.8V (See Figure 2.) 

Output Timing Reference Levels: High = 2.4V, Low = 0.4V 

Output Load: See Figure 3. 



ti^ns t<r=3ns 



VIH=3.0V 



VIL=0V. 



r :? 



-2.4V 
0.8V 



»480Q 



V 



255Q> =T= 50pF * 

X J- < 5 P F * for r HZ» ^Z* ^Z) 



* Including scope and jig 



Figure 2. Input Pulse 



Figure 3. Output Load 



Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 










Parameter 


Symbol 


HM574400-35 


HM574400-40 


HM574000-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read/Write Cycle Time 


tec 


70 


— 


80 


— 


90 


— 


ns 




CE Pulse Width 


*CE 


35 


5000 


40 


5000 


45 


5000 


ns 




CE Precharge Time 


tCP 


29 


— 


34 


— 


39 


— 


ns 




Address Setup Time 


*AS 





— 





— 





— 


ns 




Address Hold Time 


*AH 


5 


— 


5 


— 


5 


— 


ns 




Transition Time (Rise and Fall) 


t T 


1 


10 


1 


10 


1 


10 


ns 




Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


ms 
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HM574400 Series 
Read Cycle 



Parameter 


Symbol 


HM574400-35 


HM574400-40 


HM574400-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from CE 


Ucs 


— 


35 


— 


40 


— 


45 


ns 




Address Access Time 


Ua 


— 


25 


— 


30 


— 


30 


ns 




Access Time from OE 


tOAC 


— 


20 


— 


25 


— 


25 


ns 




Setup Time on Read 


*RS 





— 





— 





— 


ns 




Hold Time on Read 


tRH 


5 


— 


5 


— 


5 


— 


ns 




OE Setup Time 


tOES 


5 


— 


5 


— 


5 


— 


ns 




OE Enable to Output in Low-Z 


tLZ 





— 





— 





— 


ns 




OE Disable to Output in High-Z 


*HZ 


— 


15 


— 


20 


— 


20 


ns 




Output Hold Time from Address 


*AOH 


3 


— 


3 


— 


3 


— 


ns 




Output Hold Time from CE 


tCOH 





— 





— 





— 


ns 




CE to OE Precharge Time 


tcop 


10 


— 


10 


— 


10 


— 


ns 





Write Cycle 




















Parameter 


Symbol 


HM574400-35 


HM574400-40 


HM574400-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Data Setup Time 


*DW 


20 


— 


25 


— 


30 


— 


ns 




Data Hold Time 


*DH 


5 


— 


5 


— 


5 


— 


ns 




Setup Time on Early Write 


tES 


5 


— 


5 


— 


5 


— 


ns 




WE Pulse Width 


t W p 


25 


— 


30 


— 


35 


— 


ns 




Write Hold Time from CE 


tWH 


35 


— 


40 


— 


45 


— 


ns 




WE Enable to Output in High-Z 


%Z 


— 


15 


— 


20 


— 


20 


ns 




OE to D ln Delay Time 


tODD 


15 


— 


20 


— 


20 


— 


ns 




OE Hold Time from WE 


tOEH 


15 


— 


20 


— 


20 


— 


ns 




CE Setup Time from D} n 


*DZC 





— 





— 





— 


ns 





Read-Modify-Write Cycle 


















Parameter 


Symbol 


HM574400-35 


HM574400-40 


HM574400-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


WE Delay Time from CE 


tcWD 


35 


— 


40 


— 


45 


— 


ns 





Refresh Cycle 




















Parameter 


Symbol 


HM574400-35 


HM574400-40 


HM574400-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


RF Setup Time 


*FS 


5 


— 


5 


— 


5 


— 


ns 




RF Hold Time 


*FH 


15 


— 


15 


— 


15 


— 


ns 




Mode Selection Setup Time 


*MS 





— 





— 





— 


ns 




Mode Selection Hold Time 


*MH 


15 


— 


20 


— 


20 


— 


ns 




Setup Time on CE Refresh 


*CRS 


15 


— 


20 


— 


20 


— 


ns 





Static Column Mode 




















Parameter 


Symbol 


HM574400-35 


HM574400-40 


HM574400-45 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Static Column Address Setup Time 


*ASZ 


20 


— 


25 


— 


25 


— 


ns 




Address Setup Time to WE 


tws 





— 





— 





— 


ns 




Address Hold Time from WE 


*WR 





— 





— 





— 


ns 
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HM574400 Series 



Notes: 1. If tQES > tOES (min) and OE is held at low level, D out will be valid until the next negative transition of CE. 

2. Both twH an£ i *WP must be satisfied for a delayed write cycle. 

3. If tcop < tcop (min), D out cannot be guaranteed to be in high impedance. 

4. If the negative transition of OE occurs before that of CE, tLz is controlled by CE. 

5. twp and tow are specified by the positive transition of CE or WE whichever occurs earlier. 

6. W hen W E goes low, D out becomes high impedance and is held in this condition to the next cycle. If the negative transition 
of WE occurs before that of CE, D out is controlled by CE. twz defines the time at which the output achieves the open 
circuit condition. 

7. If t£s > tEs( mm )» the cycle is early write and D out is in high impedance. 

8. In static column mode cycles, read operation cannot be performed after write operation. 

9. Both t^H an d tWR must be satisfied for a write cycle. 

10. tfjz defines the time at which the output achieves the open circuit condition. 

11. An initial pause of 100 jus is required after power-up, then execute at least eight CE refresh cycles. 

12. During I/O pins are in the output state, Data-in shall not be applied to I/O pins. So, in all write cycles (early write, delayed 
write and read-modify-write), OE must go to high level to disable the output buffer prior to applying data to the device. 

13. In static column mode cycle, there must not be any invalid address inputs for static column mode (A 19) which are less than 
*AA- 

■ TIMING WAVEFORMS 
• Read/Read Cycle 
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HM574400 Series 



• Read/Early Write Cycle 
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HM574400 Series 



Read/Delayed Write Cycle 
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HM574400 Series 

• Read/Read Cycle (OE = Vil) 
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• Read-Modify-Write Cycle 
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HM574400 Series 



1 Automatic Refresh Cycle 
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HM574400 Series 



• CE Refresh Cycle 
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HM574400 Series 



• Static Column Mode Read Cycle 
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HM574400 Series 



• Static Column Mode Read Cycle (OE 
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HM574400 Series 

• Static Column Mode Write Cycle* 8 (1st Cycle = Early Write Cycle) 
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• Static Column Mode Write Cycle* 8 (1st Cycle = Delayed Write Cycle) 



HM574400 Series 
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Section 4 
MOS Dynamic RAM Modules 
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HB56A18 Series 



1,048,576-Word x 8-Bit High Density Dynamic RAM Module 

■ DESCRIPTION 

The HB56A18 is a 1M x 8 dynamic RAM module, mounted eight 1-Mbit DRAM 
(HM511000JP) sealed in SOJ package. An outline of the HB56A18 is 30-pin single 
in-line package having Lead types (HB56A18A, HB56A18AT), socket type 
(HB56A18B). Therefore, the HB56A18 makes high density mounting possible with- 
out surface mount technology. The HB56A18 provides common data inputs and 
outputs. Its module board has decoupling capacitors beneath each SOJ. 

■ FEATURES 

• 30-pin Single In-line Package 

Lead Pitch 2.54mm 

• Single 5V (±10%) Supply 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns/120 ns (max) 

• Low Power Dissipation 

Active Mode 3.96 mW/3.52 mW/3.08 mW/2.64 mW/2.20 mW (max) 

Standby Mode 88 mW (max) 

• Fast Page Mode Capability 

• 512 Refresh Cycle (8 ms) 

• 2 V ariatio ns of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



PIN DESCRIPTION 







Package 


Time 


30-pin SIP 
Lead Type 


30-pin SIP Low 
Profile Lead Type 


30-pin SIMM 
Socket Type 


60 ns 


HB56A18A-6H 


HB56A18AT-6H 


HB56A18B-6H 


70 ns 


HB56A18A-7H 


HB56A18AT-7H 


HB56A18B-7H 


80 ns 


HB56A18A-8A 


HB56A18AT-8A 


HB56A18B-8A 


100 ns 


HB56A18A-10A 


HB56A18AT-10A 


HB56A18B-10A 


120 ns 


HB56A18A-12A 


HB56A18AT-12A 


HB56A18B-12A 


■ PIN OUT 
















nr 










^ 




nn 




/ 

lpin 






/ 

30 pin 


0120-1 



Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 

Name 


1 


v C c 


16 


DQ 4 


2 


CAS 


17 


A 8 


3 


DQo 


18 


A 9 


4 


Ao 


19 


NC 


5 


Ai 


20 


DQ 5 


6 


DQi 


21 


WE 


7 


A 2 


22 


v S s 


8 


A 3 


23 


DQ6 


9 


v S s 


24 


NC 


10 


DQ 2 


25 


DQ 7 


11 


A4 


26 


NC 


12 


A 5 


27 


RAS 


13 


DQ 3 


28 


NC 


14 


A 6 


29 


NC 


15 


A 7 


30 


v C c 



PIN DESCRIPTION 



Pin Name 


Function 


A0-A9 


Address Input 


Ao-A 8 


Refresh Address Input 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


DQ0-DQ7 


Data-in/Data-out 


v C c 


Power Supply ( + 5V) 


v S s 


Ground 


NC 


Non-Connection 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



701 



HB56A18 Series 



BLOCK DIAGRAM 
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I PHYSICAL OUTLINE 
HB56A18A Series 



HB56A18 Series 

mm 



Unit: 



inch 



81.2(3.197) 




mm ii mmmm ii 



0.50(0.0197) 



mmn 

2.54(0.1) 30 



5.28max. 



(0.208max.) 



0.25(0.0098) 



• HB56A18AT Series 



90.14(3.549) 



.frAnnrt nrinnri 



vcxkj uuuu c r 



,nonnn nnnnn 



£Z3C^l 



uuuuu uuuuu ' 



»"""" nnnnn, 



UUUUU UUUIAJ H 



nnnnn nnnntx. 



\jCKjua uuuui/ 



^8.24 

0.324 



30 



2.54 



(0.100) 



0.50 
(0.0197) 



+ 



7.62 



8.89max. 



(0.350max.) 
T 



(0.300) 



0.25(0.0098) 



• HB56A18B Series 



3.38(0.133) 



J* 



1 7\ 



h 



88.9(3.500) 
82.14(3.234) 



6.35(0.250)' / 

/ 

)1.7K(0.O67max.) 



2.03(0.080) J |_ 
7.62(0.300) 



1.45mm.(0.057min. ) 



M O 



f- -|- 



rtnnnnnnnnnnnnnnnnnnnnnnnnnnnr+r 



2.54(0.100) 
|j. 78(0.070) 



BASIC 
BOTH SIDES 



73.66( 2.900 )REF 



] 



3d 1 " 



(0.07mm) 



(0.208max.) 



1.27 + 0.127 



2.54min.(0.100min.) 

\3.17 ±0.127(00.125 ±0.005) 



BASIC 
BOTH SIDES 



Note: 1. The plating of the contact finger is solder coat. 
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HB56A18 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin 


Input 


Vin 


-1.0 to +7.0 


V 


Relative to V§s 


Output 


V ut 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§s 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


w 


50 


mA 


Power Dissipation 


P T 


8 


W 


Operating Temperature 


Topr 


Oto +70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°C 



I ELECTRICAL CHARACTERISTICS 

Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


Vil 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgs- 

• DC Electrical Characteristics (T A = to + 70°C, V C c = 5V ±10%, V S s = 0V) 





Symbol 


HB56A18A/AT/B 


Unit 


Test Conditions 




Parameter 


-6H 


-7H 


-8A 


-10A 


-12A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating Current 


!cci 


— 


720 


— 


640 


— 


560 


— 


480 


— 


400 


mA 


tRC = Min 


1,2 


Standby Current 


X CC2 


- 


16 


- 


16 


- 


16 


- 


16 


- 


16 


mA 


TTL Interface 
RAS, CAS = V IH , 

D out = High-Z 




- 


8 


- 


8 


- 


8 


- 


8 


- 


8 


mA 


CMOS Interface RAS, 
CAS > V CC ~ 0.2V, 
D out = High-Z 




RAS Only 
Refresh Current 


!CC3 


- 


720 


- 


640 


- 


480 


- 


400 


- 


360 


mA 


tRC = Mi n 


2 


Standby Current 


!CC5 


- 


40 


- 


40 


- 


40 


- 


40 


- 


40 


mA 


RAS = V IH , 
CAS = V IL 

D out = Enable 


1 


CAS Before RAS 
Refresh Current 


!cC6 


- 


720 


- 


640 


- 


480 


- 


400 


- 


320 


mA 


t R c = Min 




Fast Page 
Mode Current 


ICC7 


- 


720 


- 


640 


- 


400 


- 


400 


- 


320 


mA 


tpc = Min 


1,3 


Input Leakage 
Current 


In 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


/mA 


0V < V in < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


jaA 


0V < V out < 7V, 
D out = Disable 




Output High Voltage 


VOH 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


!out = - 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 





0.4 


V 


W = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice max is specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vjl- 

3. Address can be changed once or less while CAS = Vm- 
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HB56A18 Series 



• Capacitance (T A = 25°C, V cc = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


55 


pF 


1 


Input Capacitance (Clock) 


C12 


— 


70 


pF 


1 


Input/Output Capacitance (DQ0-DQ7) 


Q/O 


— 


17 


pF 


1,2 



Notes: 



1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = V IH to disable D out . 



• AC Characteristics 

Please show at HM511000H series or HM511000A series about AC Characteristics. But don't use by Delayed Write Cycle, be- 
cause the HB56A18 provides common data inputs and outputs. Please use by Early Write Cycle, (twcs ^ twcs (min)). 
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HB56C18 Series 



1,048,576- Word x 8-Bit High Density Dynamic RAM Module 

■ DESCRIPTION 

The HB56C18 is a 1M x 8 static column mode dynamic RAM module, mounted 
eight 1-Mbit DRAM (HM511002JP) sealed in SOJ package. An outline of the 
HB56C18 is 30-pin single in-line package having Lead types (HB56C18A, 
HB56C18AT), socket type (HB56C18B). Therefore, the HB56C18 makes high densi- 
ty mounting possible without surface mount technology. The HB56C18 provides 
common data inputs and outputs and also provides separate I/O on parity bit for 
parity check. Its module board has decoupling capacitors beneath each SOJ. 

■ FEATURES 

• 30-pin Single In-line Package 

Lead Pitch 2.54mm 

• Single 5V (±10%) Supply 

• High Speed 

Access Time 80 ns/100 ns/120 ns (max) 

• Low Power Dissipation 

Active Mode 3080 mW/2640 mW/2200 mW (max) 

Standby Mode 88 mW (max) 

• Static Column Mode Capability 

• 512 Refresh Cycle (8 ms) 

• 2 V ariatio ns of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Access 
Time 


Package 


30-pin SIP 
Lead Type 


30-pin SIP Low 
Profile Lead Type 


30-pin SIP 
Socket Type 


80 ns 


HB56C18A-8A 


HB56C18AT-8A 


HB56C18B-8A 


100 ns 


HB56C18A-10A 


HB56C18AT-10A 


HB56C18B-10A 


120 ns 


HB56C18A-12A 


HB56C18AT-12A 


HB56C18B-12A 



PIN OUT 




PIN DESCRIPTION 



Pin 

No. 


Pin 

Name 


Pin 
No. 


Pin 

Name 


1 


v C c 


16 


DQ 4 


2 


CAS 


17 


A 8 


3 


DQo 


18 


A 9 


4 


Ao 


19 


NC 


5 


Ai 


20 


DQ 5 


6 


DQi 


21 


WE 


7 


A 2 


22 


v S s 


8 


A3 


23 


DQ 6 


9 


v S s 


24 


NC 


10 


DQ 2 


25 


DQ 7 


11 


A 4 


26 


NC 


12 


A 5 


27 


RAS 


13 


DQ 3 


28 


NC 


14 


A 6 


29 


NC 


15 


A 7 


30 


v C c 


■ PIN DESCRIPTION 


Pin Name 


Function 


A0-A9 


Address Input 


A -A 8 


Refresh Address Input 


RAS 


Row Address Strobe 


CS 


Chip Select 


WE 


Read/Write Enable 


DQ0-DQ7 


Data-in/Data-out 


v C c 


Power Supply ( + 5V) 


Vss 


Ground 


NC 


Non-Connection 
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HB56C18 Series 



■ BLOCK DIAGRAM 



AO-i^- 

A1-GL 

A2 

A3 

A4 



(7) 



(8) 



JUL 



asJI^L 



abJML 



A7 il5L 



AsiHL 

A9il«L 



RAS<£L 
CAS (2) 



WE 



(21) 



vccJIL 
vcc-iM. 
Vss- 



J§L 



Vss 



(22) 



M4 



M3 



M2 



M1 
A0-A8 Din 

RAS Dout 

CAS 

WE 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(13) 



(10) 



(6) 



(3) 



DQ3 



DQ2 



DQ1 



DQO 



M8 



M7 



M6 



M5 
A0-A8 Din 



RAS 
CAS 
WE 



Dout 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(25) 



(23) 



(20) 



(16) 



DQ7 



DQ6 



DQ5 



DQ4 



M1 - 8 Vcc 



C = 0.22pF x 8 

► M1 ~ 8 Vss 
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HB56C18 Series 



■ PHYSICAL OUTLINE 
• HB56C18A Series 



Unit: 



(inch) 




HB56C18AT Series 



88.9(3.500) 



AhnM nhS SK 



uLaaj uuuuu 1 



nnnnn nnnnn 



nnnnn nnnnr 



I IS Tl ^1 

to i o lio 1 i 



nnnnn nnnnn 



' UUUUU uuuuu ' 'uuuuu uuuuu ' Vhjuuu — UUUUU 1 




30 



7.62 ^ 
(0.300) 



7.62 



(0.100) 



8.89max. 



(0.350max.) 



(0.300) 



0.25(0.0098) 



• HB56C18B Series 



i 1 4Smin.(0.057min ) 




\ 2.54mm. (0.100mm.) 

3.17 ±0.127(00.125 ±0.005) 



Note: 1. The plating of the contact finger is solder coat. 
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HB56C18 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Y$$ 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


8.0 


W 


Operating Temperature 


Topr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


VlL 


-1.0 


- 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgs- 

• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 





Symbol 


HB56C18A/AT/B 


Unit 


Test Conditions 




Parameter 


-8A 


-10A 


-12A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 




Operating Current 


!CC1 


— 


560 


— 


480 


— 


400 


mA 


tRC = Min 


1,2 


Standby Current 


!CC2 


- 


16 


- 


16 


- 


16 


mA 


TTL Interface 
RAS, CAS = V IH , 
D out = High-Z 




- 


8 


- 


8 


- 


8 


mA 


CMOS Interface RAS, 
CAS > V cc - 0.2V, 
D out = High-Z 




RAS Only 
Refresh Current 


!CC3 


- 


480 


- 


400 


- 


360 


mA 


tRC - Min 


2 


Standby Current 


!cc5 


- 


40 


- 


40 


- 


40 


mA 


RAS = Vih, 
CS = V IL 
D out = Enable 


1 


CAS Before RAS 
Refresh Current 


!CC6 


- 


480 


- 


400 


- 


320 


mA 


t R c = Min 




Static Column 
Mode Current 


!CC9 


- 


480 


- 


400 


- 


320 


mA 


Static Column Mode 
tpc — Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


jaA 


0V < V in < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


fxA 


0V < V out < 7V, 
D out = Disable 




Output High Voltage 


VOH 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


lout = - 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


W = 4.2 mA 





Notes: 1. I^c depends on output load condition when the device is selected, Ice max *s specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vjl. 

3. Address can be changed once or less while CS = Vm- 
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HB56C18 Series 



• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


55 


pF 


1 


Input Capacitance (Clock) 


C12 


— 


70 


pF 


1,2 


Input/Output Capacitance (DQ0-DQ7) 


c i/o 


— 


17 


pF 


1,2 



Notes: 



1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. CS = V IH to disable D out . 



• AC Characteristics 

Please show at HM511002H series about AC Characteristics. But don't use by Delayed Write Cycle, because the HB56C18 
provides common data inputs and outputs. Please use by Early Write Cycle, (twcs ^ *wcs (min)). 
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HB56G18 Series 



1,048,576-Word x 8-Bit High Density Dynamic RAM Module 

■ DESCRIPTION 

The HB56G18 is a 1M x 8 dynamic RAM module, mount- 
ed two 4 Mbit DRAM (HM514400AS) sealed in SOJ pack- 
age. An outline of the HB56G18 is 30-pin single in-line pack- 
age (socket type). 

Therefore, the HB56G18 makes high density mounting 
possible without surface mount technology. The HB56G18 
provides common data inputs and outputs. Its module board 
has decoupling capacitors beside each SOJ. 

■ FEATURES 

• 30-pin Single In-line Package 

Lead Pitch 2.54mm 

• Single 5V (±10%) Supply 

• High Speed 

Access Time 70 ns/80 ns/100 ns (max) 

• Low Power Dissipation 

Active Mode 1 1 00 mW/990 mW/880 mW (max) 

Standby Mode 22 mW (max) 

• Fast Page Mode Capability 

• 1,024 Refresh Cycles (16 ms) 

• 2 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Part No. 


Access Time 


Package 


Contact Pad 


HB56G18B-7A 
HB56G18B-8A 
HB56G18B-10A 


70 ns 
80 ns 
100 ns 


30-pin SIP 
Socket Type 


Solder 


HB56G18GB-7A 
HB56G18GB-8A 
HB56G18GB-10A 


70 ns 
80 ns 
100 ns 


30-pin SIP 
Socket Type 


Gold 



PIN OUT 




Pin No. 


Pin Name 


Pin No. 


Pin Name 


1 


v C c 


16 


DQ 4 


2 


CAS 


17 


A 8 


3 


DQ0 


18 


A 9 


4 


A0 


19 


NC 


5 


Al 


20 


DQ 5 


6 


DQ1 


21 


WE 


7 


A2 


22 


v S s 


8 


A3 


23 


DQ 6 


9 


v S s 


24 


NC 


10 


DQ2 


25 


DQ 7 


11 


A4 


26 


NC 


12 


A5 


27 


RAS 


13 


DQ3 


28 


NC 


14 


A6 


29 


NC 


15 


A7 


30 





PIN DESCRIPTION 



Pin Name 


Function 


A0-A9 


Address Input 


A0-A9 


Refresh Address Input 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


DQ0-DQ7 


Data-in/Data-out 


v C c 


Power Supply ( + 5V) 


v S s 


Ground 


NC 


No Connection 
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HB56G18 Series - 
■ Block Diagram 



AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

RAS 
CAT 

wF 



(4) 



(5) 



(7) 



(8) 



(11) 



(12) 



(14) 



(15) 



(17) 



(18) 



(27) 



(2) 



(21) 



Vcc 



Vcc 
Vss 



Vss 



(D 



(30) 



(9) 



(22) 



MO 



A0-A9 

RAS* 

CAT 



WE 



1/01 
I/02 
I/03 
1/04 

0E~ 



Vcc Vss 



— C1 



A0-A9 

RAS 

CAf 

we" 



Ml 

1/01 

i/02 

I/03 

I/04 

OE 
Vcc Vss 



HI- 



C2 



(3) 



(6) 



(10) 



(13) 



DQO 

D Q! HM514400AS 

DQ2 

DQ3 



777 



(16) 



(20) 



(23) 



(25) 



DQ4 
DQ5 
DQ6 
DQ7 



HM5 14400 AS 



T77 
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HB56G18 Series 



I PHYSICAL OUTLINE 
> HB56G188/GB Series 



Unit: 



inch 



0.080 
7 62 



3.500 
82.14 



e 



^mn n n n f u 1 




DUDDD QODQD 

DD 
DGODD DDDOO. 



1¥ 



nnnnnnnrVirv^nnnmiTi 30 



Note: Following the specification of the contact pad. 



Part No. 


Contact Pad 


HB56G18B-XX 


Solder 


HB56G18GB-XX 


Gold 



Detail A 







^/o^ 




0.25 max. 


r 


H 


1-80 mm. 
v 0.071 


0.010 

1 












A 


1.78 
0.070 
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HB56G18 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin 


(Input) 


V in 


-1.0 to +7.0 


V 


Relative to Vss 


(Output) 


Vout 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


W 


50 


mA 


Power Dissipation 


p T 


2.0 


W 


Operating Temperature 


Topr 


to + 70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 
v C c 











V 




4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vm 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


Vil 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vss- 

• DC Electrical Characteristics (T A = to + 70°C, Vcc 



5V ±10%, V S s = 0V) 



Parameter 


Symbol 


HB56G18B/GB-7A 


HB56G18B/GB-8A 


HB56G18B/GB-10A 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


!cci 


— 


200 


— 


180 


— 


160 


mA 


t RC = Min 


1,2 


Standby Current 


!CC2 


- 


4 


- 


4 


- 


4 


mA 


TTL Interface 
RAS, CAS = V IH , 
D out = High-Z 




- 


2 


- 


2 


- 


2 


mA 


CMOS Interface, RAS, 
CAS > V cc - 0.2V, 
D out = High-Z 




RAS Only 

Refresh Current 


!CC3 


- 


200 


- 


180 


- 


160 


mA 


tRC = Min 


2 


Standby Current 


!CC5 


- 


10 


- 


10 


- 


10 


mA 


RAS = V IH , 
CAS = Vil, 
D out = Enable 


> 


CAS Before RAS 
Refresh Current 


!CC6 


- 


200 


- 


180 


- 


160 


mA 


tRc = Min 




Fast Page 
Mode Current 


!CC7 


- 


200 


- 


180 


- 


160 


mA 


tpc = Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V in < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


jltA 


0V < V out < 7V, 
D out = Disable 




Output High Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


Vcc 


V 


W = ~ 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


*out = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vil- 

3. Address can be changed once or less while CAS = Vm- 
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HB56G18 Series 



• Capacitance (T A = 25°C, V C c = 5V ±10%) 










Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


30 


pF 


1 


Input Capacitance (Clock) 


Ci2 


— 


34 


pF 


1 


Input/Output Capacitance (DQo_7) 


Q/O 


— 


17 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 

• AC Characteristics (T A = to + 70°C, V C c = 5V ±10%, V S s = 0V) 1 - 12 
Read, Write, and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HB56G18B/GB-7A 


HB56G18B/GB-8A 


HB56G18B/GB-10A 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or 
Write Cycle Time 


tRC 


130 


- 


150 


- 


190 


- 


ns 




RAS Precharge Time 


*RP 


50 


— 


60 


— 


70 


— 


ns 




RAS Pulse Width 


tRAS 


70 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


*CAS 


20 


10000 


20 


10000 


25 


10000 


ns 




Row Address Setup Time 


tASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


15 


— 


ns 




Column Address Setup Time 


Use 





— 





— 





— 


ns 




Column Address Hold Time 


*CAH 


15 


— 


15 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


50 


20 


60 


25 


75 


ns 


8 


RAS to Column Address 
Delay Time 


tRAD 


15 


35 


15 


40 


20 


55 


ns 


9 


RAS Hold Time 


tRSH 


20 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


tCSH 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


*CRP 


10 


— 


10 


— 


10 


— 


ns 




Transition Time 
(Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


ms 


15 


Read Cycle 


Parameter 


Symbol 


HB56G18B/GB-7A 


HB56G18B/GB-8A 


HB56G18B/GB-10A 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


70 


— 


80 


— 


100 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


20 


— 


20 


— 


25 


ns 


3,4 


Access Time from Address 


*AA 


— 


35 


— 


40 


— 


45 


ns 


3,5 


Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold 
Time to CAS 


tRCH 





- 





- 





- 


ns 




Read Command Hold 
Time to RAS 


tRRH 





- 





- 





- 


ns 




Column Address to 
RAS Lead Time 


tRAL 


35 


- 


40 


- 


55 


- 


ns 




Output Buffer Turn-off Time 


tQFFl 





20 





20 





25 


ns 


6 
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HB56G18 Series 
Write Cycle 



Parameter 


Symbol 


HB56G18B/GB-7A 


HB56G18B/GB-8A 


HB56G18B/GB-10A 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


15 


— 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


t WP 


10 


— 


10 


— 


20 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


15 


— 


20 


- 


ns 


11 



Refresh Cycle 




















Parameter 


Symbol 


HB56G18B/GB-7A 


HB56G18B/GB-8A 


HB56G18B/GB-10A 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


*CHR 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


*RPC 


10 


— 


10 


— 


10 


— 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HB56G18B/GB-7A 


HB56G18B/GB-8A 


HB56G18B/GB-10A 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


45 


— 


50 


— 


55 


— 


ns 




Fast Page Mode 
CAS Precharge Time 


tcp 


10 


- 


10 


- 


10 


- 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


ns 


13 


Access Time from CAS Precharge 


*ACP 


— 


40 


— 


45 


— 


50 


ns 


14 


RAS Hold Time from 
CAS Precharge 


tRHCP 


40 


- 


45 


- 


50 


- 


ns 





Notes: 1. AC measurements assume tx = 5 ns. 

2. Assumes that tRCD - tRCD (max) and tRAD ^ *RAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 

4. Assumes that tRCD ^ t RC D ( max ) and *RAD ^ t RAD (max). 

5. Assumes that tRCD - tRCD (max) and tRAD - tRAD (max). 

6. toFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7- Vffl ( mm ) an d Vil (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vih and Vjl. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAO 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. Early write cycle only (t\ycs - tw cs (m in)) 

11. These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of 100 jus is required a fter p ower up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 

13. tRASC is determined by RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or tcAC or tACP- 

15. tREF is determined by 1,024 refresh cycles. 
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HB56G18 Series 



I TIMING WAVEFORMS 
> Read Cycle 



RAS 



"\ 



tT . 



CAS 



tASR. 



Address 




WE 



Dout 



Din 



tRC 



tRAS 



1 



tRCD 



tCSH 



"X 



|tRAH 
tASC 



Row 



"\_ 




\ 



tRAD 



^-Mk-L 




j^mi'K 



tRCS 
tAR 



tRSH 



tCAS 



'L 



-f 



/ 



Column 



tCAH 
tRAL 



< KAC > 



tAA 



tRAC 



tRP 



tCRP 




itRRH 



tRCH 




^_JOFF > 



_r 



Valid 
Output 



High-Z 



: Don't care 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



717 



HB56G18 Series 



Early Write Cycle 



RAS 



"\ 



tT 



CAS 



tASR. 



Address 




W\ 



tRC 



( Row 



tRAS 



/ 



tRCD 



^L 



tRAH 
tASC 



\ 



WE 



tRAD 



tWCR 



tRSH 



tCSH 



<« — ^ — » 



"\_ 



I 



Column 



twcs k 



tDHR 



tDS 



Dout W/X, 




tWCH 



tCAH 
tRAL 



_r 



IRP 



tCRP 



tWP 




tDH 



Valid 
Input 



Din 



High-Z 



: Don't care 
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HB56G18 Series 



• RAS Only Refresh Cycle 



RAS 



'V 



tCRP 



CAS 




tASR 



Address 



Dout 



W//////A-L i- 



tRC 



tRAS 






IRP 



«+> 



itRPC 




It RAH 



Row 



J\ 




High-Z 



1 WE : Don't care 

2 \%%\ : Don't care 



► CAS Before RAS Refresh Cycle 



RAS 



CAS 




1 Address, Din : Don't care 

2 Dout: High-Z 

3 ^^j : Don't care 

4 WE = VIH 
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HB56G18 Series 



• Fast Page Mode Read Cycle 



RAS 



\ 



tT 



CAS 



tASR k 



Address 



tRASC 



tCSH 



< — 22 ► 



\ 



< tRAD > 

tASC 



Row 




Dout 



Din 




tRCS 



"C 



^tCAS^ 



/f 



Column 1 



1 )< 




tRCH 



. tCAC . 



tAA 






tRAC 



tCP 



tASC 



tPC 



N A 



. tCAS . 



,L *. 



Column 2 



Jr^ 



tRCS tRCH 



tCAC 
tAA . 



tACP 



^tOFF^ 



Valid 
Output 1 



tRHCP 



\ 



tASC 




£ 



"\- 



tRSH 
. tCAS 



"L. 



tRAL 



Column N 



v- 



V 



x — ^l 



tRP 



tRCS 



I 



tCAC 
tAA , 



tACP 



«^22-* 



TfValid 

-j-Output2 



1-i 



tCRP 




tRRH 




^tOF^ 



Valid "t 

Output N 



y 



High-Z 



: Don't care 
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HB56G18 Series 



• Fast Page Mode Early Write Cycle 



RAS 



\ 



tT 



CAS 



tASR k 



Address 



"V. 



tRASC 



tCSH 



tRCD 



< tRAD > 

tRAH 



1 

Row 

"K /TWt 



WE 



Dout 



Din 



tASC 



twcs , 




^CAS_^ 



A 



x ^~ 



^ 



Column 1 



tDS k 




tWCH 
tWP 



J\ 



\ 



<A> 



tASl 



^ 




twcs 




tPC 



. tCAS , 



i- 



\ 



Column 2 



A 



Valid 
Input 1 



tDS. 




;~ 



tASi 



^ 



twcs 



tWCH 
tWP 




tRSH 
. tCAS 



1 



JT 



tRP 



A 



<-+> 



J\ 



Column N 



tDH 



Valid 
Input 2 



tDS. 




J- 




tWCH 



tWP , 



tDH 



Valid 
Input N 




High-Z 



: Don't care 



tCRP 
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HB56A48 Series 

4,194,304-Word x 8-Bit High Density Dynamic RAM Module 

■ DESCRIPTION ■ PIN OUT 

The HB56A48 is a 4M x 8 dynamic RAM module, mount- 
ed 8 pieces of 4 Mbit DRAM (HM514100AS, HM514100JP) 
sealed in SOJ package. An outline of the HB56A48 is 30-pin 
single in-line package. Therefore, the HB56A48 makes high 
density mounting possible without surface mount technology. 
The HB56A48 provides common data inputs and outputs. 

Decoupling capacitors are mounted beneath each SOJ. 

■ FEATURES 

• 30-pin Single In-line Package 

Lead Pitch 2.54mm 

• Single 5V (±10%) Supply 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns (max) 

• Low Power Dissipation 

Active Mode 4840 mW/4400 mW/ 

3960 mW/3520 mW (max) 
Standby Mode 88 mW (max) 

• Fast Page Mode Capability 

• 1,024 Refresh Cycle (16 ms) 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• TTL Compatible 

■ PIN DESCRIPTION 



Pin Name 


Function 


Ao-Aio 


Address Input 


A0-A9 


Refresh Address Input 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


DQ0-DQ7 


Data-in/Data-out 


v C c 


Power Supply ( + 5V) 


Vss 


Ground 


NC 


No Connection 




Pin No. 


Pin Name 


Pin No. 


Pin Name 


1 


v C c 


16 


DQ 4 


2 


CAS 


17 


A 8 


3 


DQo 


18 


A 9 


4 


A 


19 


A10 


5 


Ai 


20 


DQ 5 


6 


DQi 


21 


WE 


7 


A 2 


22 


v S s 


8 


A3 


23 


DQ 6 


9 


v S s 


24 


NC 


10 


DQ 2 


25 


DQ 7 


11 


A 4 


26 


NC 


12 


A 5 


27 


RAS 


13 


DQ 3 


28 


NC 


14 


A 6 


29 


NC 


15 


A 7 


30 


v C c 



ORDERING INFORMATION 





Package 


Access 
Time 


30-pin 1 

SIP 

Socket Type 


30-pin 1 

SIP 

Socket Type 


30-pin 

SIP 

Lead Type 


30-pin 

SIP 

Lead Type 


30-pin SIP 
Low Profile 
Lead Type 


30-pin SIP 
Low Profile 
Lead Type 




0.945 Inch Height 


0.805 Inch Height 


0.989 Inch Height 


0.810 Inch Height 


0.591 Inch Height 


0.500 Inch Height 


60 ns 


— 


HB56A48BR/GBR-6A 


— 


HB56A48AR-6A 


— 


HB56A48ATR-6A 


70 ns 


— 


HB56A48BR/GBR-7A 


— 


HB56A48AR-7A 


— 


HB56A48ATR-7A 


80 ns 


HB56A48B/GB-8 


HB56A48BR/GBR-8A 


HB56A48A-8 


HB56A48AR-8A 


HB56A48AT-8 


HB56A48ATR-8A 


100 ns 


HB56A48B/GB-10 


HB56A48BR/GBR-10A 


HB56A48A-10 


HB56A48AR-10A 


HB56A48AT-10 


HB56A48ATR-10A 



Note: 1. Following the specification of the contact pad. 

HB56A48B-XX, HB56A48BR-XX: solder 

HB56A48GB-XX, HB56A48GBR-XX: gold 
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HB56A48 Series 



BLOCK DIAGRAM 



(4) 



(5) 



(7) 



(8) 



(11) 



(12) 



(14) 



(15) 



AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 

RAS 

CAS 

(21) 

WE — - 



(17) 



(18) 



(19) 



(27) 



(2) 



Vcc 



Vcc 
Vss 



Vss 



(D 



(30) 



(9) 



(22) 



M3 



M2 



M1 



MO 
A0-A10 

RAS 
CAS" 
WE" 



Din 
Dout 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(13) 



DQ3 



(10) 



-DQ2 



(6) 



-DQ1 



(3) 



-DQ0 



M7 



M6 



M5 



M4 
A0-A10 Din 
RAS Dout 

CAT 

WE" 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(25) 



DQ7 



(23) 



DQ6 



(20) 



-DQ5 



(16) 



-DQ4 



x 



>* MO -7 Vcc 

C = 0.22//Fx8 
► MO -7 Vss 



Note: M0-M7[HB56A48XX-XXA]: HM514100AS 
M0-M7[HB56A48XX-8/10: HM514100JP 
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HB56A48 Series 

■ PHYSICAL OUTLINE 
• HB56A48AR Series 



Unit: mm (inch) 



0.148 



3.197 




0.100 



• HB56A48ATR Series 















90.14 
















3.549 










1 F 












"I QDDDQ OODOD 

J ODOOQ OODOD 
(ol IdI (nl Id) p 30 


\ 






nr 








. !, 


o 
o 

in 




UoLBlJUolJaJoUt 


IWfbWLrr 




MUoI^JJUdUd 


UoUoUoUoLjoj. 


o 




i 


[fflffll 


Illlfl 


USUI! 

— *i 


IIII! 

50 


nnr 






8 24 




- 2.54 






E 

m 


a 


0.324 




-* — — > 




01 


00 




0.020 




a 



350 




> HB56A48BR/GBR Series 



2 03 



0.080 
7 62 



0.300 



88 90 



3 500 
82 14 




' rti nn nnnnrnmnnnnnnnn n nn nn nnnnhnnrtiii 



. 2 54 



0.100 



1 78 



0.070 



Detail A 



Note: Following the specification of the contact pad. 



Part No. 


Contact Pad 


HB56A48BR-XX 


Solder 


HB56A48GBR-XX 


Gold 







s^o\ 


A 1 80 mm. 

-loon 


25 max 
0010 , 


T 


ft 










t 


k 


<-> 

III 
070 
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■ PHYSICAL OUTLINE (continued) 
• HB56A48A Series 



HB56A48 Series 

Unit: mm (inch) 




I 



V ]5.28max 
0.208 



.0.5 
v 0.02 



f -0.25 



• HB56A48AT Series 



90.1 4 



3.549 




<-», 




0._25 

o.di 



• HB56A48B/GB Series 



aaaaB i ODDDD UDOOD 



0.08' 
3.38 




7.62 
"13.30 < 



III 



1.27. 
0.05' 



5.28max 
0.208 



Note: Following the specification of the contact pad. 



Part No. 


Contact Pad 


HB56A48B-XX 


Solder 


HB56A48GB-XX 


Gold 







t ^o\ 




25 max. 
0.010 , 


r 


m 


A 1 80 mm. 
Jo071 










i 


i 


178 
0.070 





Detail A 
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HB56A48 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V§s 


v T 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§s 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


8 


W 


Operating Temperature 


Topr 


Oto +70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°C 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


VlL 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to V§s- 

• DC Electrical Characteristics (T A 



to +70°C, V C c = 5V ±10%, V S s = 0V) 





Symbol 


HB56A48B/GB/BR/GBR/A/AR/AT/ATR 


Unit 


Test Condition 




Parameter 


-6A 


-7A 


-8/-8A 


-10/-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating 
Current 


!cCl 


- 


880 


- 


800 


- 


720 


- 


640 


mA 


t RC = min 


1,2 


Standby 


J CC2 


- 


16 


- 


16 


- 


16 


- 


16 


mA 


TTL Interface 
RAS, CAS = V IH 
D out = High-Z 




Current 


- 


8 


- 


8 


- 


8 


- 


8 


mA 


CMOS Interface 

RAS, CAS > V CC - 0.2V 

D out = High-Z 




RAS Only 
Refresh Current 


J CC3 


- 


880 


- 


800 


- 


720 


- 


640 


mA 


tRC = min 


2 


Standby 
Current 


tecs 


- 


40 


- 


40 


- 


40 


- 


40 


mA 


RAS = V IH 
CAS = V IL 

D out = Enable 


1 


CAS Before RAS 
Refresh Current 


!CC6 


- 


880 


- 


800 


- 


720 


- 


640 


mA 


t RC = min 




Page Mode 
Current 


!CC7 


- 


880 


- 


800 


- 


720 


- 


640 


mA 


tpc = min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V IN < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V out < 7V 
D out = Disable 




Output High 
Voltage 


VOH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 


lout = — 5 mA 




Output Low 
Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 


V 


W = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is 

2. Address can be changed less than three times while RAS 

3. Address can be changed once or less while CAS = Vm- 



selected, Ice max * s specified at the output open condition. 
= Vi L . 
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HB56A48 Series 



• Capacitance (T A = 25°C, Vcc = 


5V ±10%) 
















Symbol 


HB56A48 


Unit 




Parameter 


BR/GBR/AR/ATR 


A/AT/B/GB 


Note 




Typ 


Max 


Typ 


Max 




Input Capacitance (Address) 


Cn 


— 


55 


— 


65 


pF 


1 


Input Capacitance (Clock) 


C12 


— 


68 


— 


81 


pF 


1 


Input/Output Capacitance (DQo_7) 


Ci/O 


— 


17 


— 


30 


pF 


1,2 



Notes: 



1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = V IH to disable D out . 



• AC Characteristics (T A = to + 70°C, V C c = 5V +10%, V S s 
Read, Write and Refresh Cycle (Common Parameters) 



0V)L 12, 15 





Symbol 


HB56A48B/GB/BR/GBR/A/AR/AT/ATR 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Random Read or 
Write Cycle Time 


tRC 


110 


- 


130 


- 


150 


- 


180 


- 


150 


- 


180 


- 


ns 




RAS Precharge Time 


tRP 


40 


— 


50 


— 


60 


— 


70 


— 


60 


— 


70 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


15 


10000 


20 


10000 


20 


10000 


25 


10000 


20 


10000 


25 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


10 


— 


15 


— 


10 


— 


15 


— 


ns 




Column Address 
Setup Time 


Use 





- 





- 





- 





- 





- 





- 


ns 




Column Address 
Hold Time 


tCAH 


15 


- 


15 


- 


15 


- 


20 


- 


15 


- 


20 


- 


ns 




RAS to CAS Delay Time 


tRCD 


20 


50 


20 


50 


20 


60 


25 


75 


20 


60 


25 


75 


ns 


8 


RAS to Column Address 
Delay Time 


tRAD 


15 


35 


15 


35 


15 


40 


20 


55 


15 


40 


20 


55 


ns 


9 


RAS Hold Time 


tRSH 


15 


— 


20 


— 


20 


— 


25 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


*CSH 


60 


— 


70 


— 


80 


— 


100 


— 


80 


— 


100 


— 


ns 




CAS to RAS 
Precharge Time 


tCRP 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Transition Time 
(Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


— 


16 


— 


16 


— 


16 


ms 


17 



Read Cycle 





Symbol 


HB56A48B/GB/BR/GBR/A/AR/AT/ATR 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


— 


80 


— 


100 


ns 


2, 3, 16 


Access Time from CAS 


*CAC 


— 


15 


— 


20 


— 


20 


— 


25 


— 


25 


— 


25 


ns 


3, 4, 14 


Access Time from Address 


Ua 


— 


30 


— 


35 


— 


40 


— 


45 


— 


40 


— 


45 


ns 


3, 5, 14, 16 


Read Command 
Setup Time 


tRCS 





- 





- 





- 





- 





- 





- 


ns 




Read Command 
Hold Time to CAS 


tRCH 





- 





- 





- 





- 





- 





- 


ns 




Read Command 
Hold Time to RAS 


tRRH 





- 





- 





- 





- 


10 


- 


10 


- 


ns 






HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



727 



HB56A48 Series 



Read Cycle (continued) 





Symbol 


HB56A48B/GB/BR/GBR/A/AR/AT/ATR 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Column Address 
to RAS Lead Time 


tRAL 


30 


- 


35 


- 


40 


- 


45 


- 


40 


- 


45 


- 


ns 




Output Buffer 
Turn-off Time 


k)FF 





15 





20 





20 





25 





20 





25 


ns 


6 



Write Cycle 





Symbol 


HB56A48B/GB/BR/GBR/A/AR/AT/ATR 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Write Command 
Setup Time 


twcs 





- 





- 





- 





- 





- 





- 


ns 


10 


Write Command 
Hold Time 


*WCH 


15 


- 


15 


- 


15 


- 


20 


- 


15 


- 


20 


- 


ns 




Write Command 
Pulse Width 


*WP 


10 


- 


10 


- 


10 


- 


20 


- 


15 


- 


20 


- 


ns 




Write Command 
to RAS Lead Time 


tRWL 


15 


- 


20 


- 


20 


- 


25 


- 


25 


- 


25 


- 


ns 




Write Command 
to CAS Lead Time 


tCWL 


15 


- 


20 


- 


20 


- 


25 


- 


25 


- 


25 


- 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


15 


— 


15 


— 


20 


— 


15 


— 


20 


— 


ns 


11 



Refresh Cycle 


































Symbol 


HB56A48B/GB/BR/GBR/A/AR/AT/ATR 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


10 


- 


10 


- 


10 


- 


10 


- 


20 


- 


20 


- 


ns 




RAS Precharge to CAS 
Hold Time 


tRPC 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 





Fast Page Mode Cycle 





Symbol 


HB56A48B/GB/BR/GBR/A/AR/AT/ATR 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Fast Page Mode Cycle Time 


tpc 


40 


— 


45 


— 


50 


— 


55 


— 


55 


— 


55 


— 


ns 




Fast Page Mode 
CAS Precharge Time 


tcp 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Fast Page Mode 
RAS Pulse Width 


tRASC 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


ns 


13 


Access Time from 
CAS Precharge 


tACP 


- 


35 


- 


40 


- 


45 


- 


50 


- 


50 


- 


50 


ns 


14,16 


RAS Hold Time from 
CAS Precharge 


tRHCP 


35 


- 


40 


- 


45 


- 


50 


- 


50 


- 


50 


- 


ns 
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HB56A48 Series 



Test Mode Cycle 


































Symbol 


HB56A48B/GB/BR/GBR/A/AR/AT/ATR 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Test Mode WE Setup Time 


tws 





— 





— 





— 





— 





— 





— 


ns 




Test Mode WE Hold Time 


tWH 


10 


— 


10 


— 


10 


— 


10 


— 


20 


— 


20 


— 


ns 





Notes: 



AC measurements assume tx = 5 ns. 

Assumes that tRCD ^ tRCD (max) and tRAD - *rad (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
Assumes that t RC D ^ tRCD (max), tRAD ^ *RAD ( max )- 
Assumes that t RCD < t RC D (max), tRAD ^ *RAD (max). 

tQFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vth and Vjl- 

Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 
Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 
Early write cycle only (t\vcs - twcs (min)). 

These parameters are referenced to CAS leading edge in an early write cycle. 

An initial pause of 100 jus is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS-only refresh). 
tRASC is determined by RAS pulse width in fast page mode cycles. 
Access time is determined by the longer of tAA or tCAC or tACP- 

Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits . . . RA10, CA10 and 
CA0. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the output data is low level. Data output pin is D out and data input pin is Dj n . In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

In a test mode read cycle, the value of tRAO *AA anc * tACP is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
tREF is determined by 1,024 refresh cycles. 
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HB56A48 Series 



■ TIMING WAVEFORM 
• Read Cycle 



RAS 



"\ 



tT . 



CAS 



tASR. 



Address 




WE 



Dout 



Din 



tRC 



-C 



tRAS 



tRCD 



tCSH 



X 



|tRAH 
tASC 



Row 




JT 



tRAO 




_r 



tRCS 



tRSH 



«. — ^ — „ 



I 



Column 



tCAH 
tRAL 



< tcAC > 



tAA 



■t 



tRAC 



tRP 



tCRP 



itRRH 



tRCH 



«— S2 ► 



Valid \ 

M. Output _i 



High-Z 



: Don't care 
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HB56A48 Series 



1 Early Write Cycle 



RAS 



"\ 



tT . 



CAS 



tASR. 



Address 




WE 



Dout 



Din 



tRC 



"\_ 



tRAS 



T 



tRCD 



|tRAH 
tASC 



Row 



tRAD 






tRSH 



tCSH 



« ^ ► 



\ f 



Column 



twcs k 



tDS 




tCAH 
tRAL 



IRP 



tCRP 



tWP 




tDH 



1 Valid ^- 



Input 



JT 




High-Z 



: Don't care 
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HB56A48 Series 



RAS Only Refresh Cycle 



RAS 



\ 



tCRP 



CAS 




tASR 



Address 



Dout 



tRC 



tRAS 



Jt 



tRP 



itRPC 




ItRAH 




High-Z 



1 WE : Don't care 

2 \y//& : Don't care 



• CAS Before RAS Refresh Cycle 



RAS 



tRPC 



CAS 



A 



< tcSR » 



tRC 



"\ 



tRAS 



4 tCHR > 



"K. 



IRP 



. tRPC . 




1 Address, Din : Don't care 

2 Dout: High-Z 

3 |g^ : Don't care 

4 WE =VIH 
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HB56A48 Series 



' Hidden Refresh Cycle 



RAS 






CAS 



*ASR 



Address ; 



tRC 



"v_ 



tRAh 



< tRAS ► 



(Read) 



J' 



tRSH, 



< tRCD > 



i. 



^AD_^ 



Row 



WE 




Dout 



tRCS 



, t RAC 



A 



, l RP . 



"V 



< tRAS ► 



(Refresh) 



\ 



"L 



Use 



. t CAH . 



Column 



*CAC 



*AA 



i: 



tCAS 



< tRA$ » 



(Refresh) 



"V. 



./ 



_r 



t<ZHR 



DOUt 



1 ma : 



: Don't care 




A- 



F 



tRCH 



tRRH 



^22 




^ 



J" 
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HB56A48 Series 

• Fast Page Mode Read Cycle 



T 



RAS 



\ 



tT 



CAS 



tASR 



Address 



"V. 



tRASC 



tCSH 



tRCD 



< tRAD > 



Row 



Dout 



Din 



tASC 




tRCS 



"I. 



<Z2+ 



/ 



ipa* 



i- 



Column 1 



JT 




tRCH 




tRAC 



x — ^- 



tCP 



tASC 



tPC 



M A 

JT 



. tCAS , 



,L ^ 



Column 2 



JP 



tRCS tRCH 



tACP 



+22-+ 



tRHCP 



1 



tASC 




^ tCAS 



"\_ 



tRAL 



Column N 



JT 



tRCS 



tRP 



_r 



/ 



J 



tACP 



, tOFF 



;-Valid ~r jrValid ~r ~r Valid 

^-Output 1 .1 ^-Output2.£ S. OutputN 



X 



tCRP 



tRRH 




-tOFF 



y 



High-Z 



: Don't care 
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HB56A48 Series 



1 Fast Page Mode Early Write Cycle 



"X 



RAS 



\ 



tT 



CAS 



tASR k 



Address 



tRASC 



tCSH 



tRCD 



"X 



\ 



< tRAD > 
tRAI 



tASC 



Row 



— M 



WE 



Dout 



Din 



7P 



twcs , 




^tCAS^ 



_7T 



¥ ^> 

Y NL 



Column 1 



tDS. 




*m+ 



tASC 




twcs 



tWCH 
tWP 




tPC 



^KAS^ 



JT 



Column 2 



.tDH 



Valid 
Input 1 



tDS. 




T 



tASC 




twcs 



tWCH 
tWP 




tRSH 
. tCAS 



/ 



tRP 






/ 



Column N 



tDH 



Valid 
Input 2 



tDS. 




T 



tWCH 
tWP 




m 



tDH 



Valid 
Input N 




High-Z 



: Don't care 



tCRP 
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HB56A48 Series 



• TEST MODE CYCLE 



RAS 



CAS 



WE 



Set Cycle Test Modo Cycle 



1,3 






Reset Cycle 



Normal 
mode 



1 CBR or RAS only refresh 

2 ^^ : Don't care 



^ : 



3 Address , Din: Don't care 



• Test Mode Set Cycle 



RAS 



I 



*RAS 



"\ 



CAS 



WE 



Address 



Dout 



X 



^_t£sa — ► 



tws 




tRC 



■L 



tRA 



/ 



. kHR > 



Jrp 



< tRPC ► 




1-CRP 



_r 



twH 







OPEN 



: Don't care 
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HB56A48 Series 



• Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 



RAS 



CAS 



WE 



Address 



Dout 






*RPC 



\ 



tt^ 



X 



tws 



tRC 



< tRAS > 



./ 



.C 



Spt 



< %- ► 



^. 



\ 



tgP^ ^ 




twH tws 



tRC 



tRAS top 



A 



^. 



7T 



v 



tCHR 



twH 



OPEN 



y, : Don't care 




RAS Only Refresh Cycle 



RAS 



CAS 



"\ 



kRP 




Address 



Dout 




tRC 



"L. 



< ^AS ^ 



JT 



r 



tRP 



"i- 



tRPC 




t RAH 



tASR 



Row 



JT 




OPEN 



: Don't care 



2 Refresh address : A0-A9(AX0- AX9) 
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HB56A19 Series 

1,048,576-Word x 9-Bit High Density Dynamic RAM Module 

■ DESCRIPTION 

The HB56A19 is a 1M x 9 dynamic RAM module, mounted nine 1-Mbit DRAM 
(HM511000JP) sealed in SOJ package. An outline of the HB56A19 is 30-pin single 
in-line package having Lead types (HB56A19A, HB56A19AT), Socket type 
(HB56A19B). Therefore, the HB56A19 makes high density mounting possible with- 
out surface mount technology. The HB56A19 provides common data inputs and 
outputs and also provides separate I/O on parity bit for parity check. Its module 
board has decoupling capacitors beneath each SOJ. 

■ FEATURES 

• 30-pin Single In-line Package 

Lead Pitch 2.54mm 

• Single 5V (±10%) Supply 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns/120 ns (max) 

• Low Power Dissipation 

Active Mode 4455 mW/3960 mW/3465 mW/2970 mW/2475 mW (max) 

Standby Mode 99 mW (max) 

• Fast Page Mode Capability 

• 512 Refresh Cycle (8 ms) 

• 2 V ariatio ns of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Access 
Time 


Package 


30-pin SIP 
Lead Type 


30-pin SIP Low 
Profile Lead Type 


30-pin SIMM 
Socket Type 


60 ns 


HB56A19A-6H 


HB56A19AT-6H 


HB56A19B-6H 


70 ns 


HB56A19A-7H 


HB56A19AT-7H 


HB56A19B-7H 


80 ns 


HB56A19A-8A 


HB56A19AT-8A 


HB56A19B-8A 


100 ns 


HB56A19A-10A 


HB56A19AT-10A 


HB56A19B-10A 


120 ns 


HB56A19A-12A 


HB56A19AT-12A 


HB56A19B-12A 



PIN OUT 




Pin 

No. 


Pin 
Name 


Pin 

No. 


Pin 

Name 


1 


v C c 


16 


DQ 4 


2 


CAS 


17 


A 8 


3 


DQo 


18 


A 9 


4 


A 


19 


NC 


5 


Ai 


20 


DQ 5 


6 


DQi 


21 


WE 


7 


A 2 


22 


v S s 


8 


A3 


23 


DQ 6 


9 


v S s 


24 


NC 


10 


DQ 2 


25 


DQ 7 


11 


A4 


26 


PQ 


12 


A 5 


27 


RAS 


13 


DQ 3 


28 


PCAS 


14 


A 6 


29 


PD 


15 


A 7 


30 


v C c 


■ PIN DESCRIPTION 


Pin Name 


Function 


A0-A9 


Address Input 


Ao-A 8 


Refresh Address Input 


RAS 


Row Address Strobe 


CAS,PCAS 


Column Address Strobe 


WE 


Read/Write Enable 


DQ0-DQ7 


Data-in/Data-out 


PD 


Parity Data-in 


PQ 


Parity Data-out 


v C c 


Power Supply ( + 5V) 


v S s 


Ground 


NC 


Non-Connection 
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HB56A19 Series 



BLOCK DIAGRAM 



(4) 



(5) 



A0- 
A1 - 
A2- 

A3-1§L 
A4 



(7) 



illL 



ASJII^L 

AeiliL 

A7 i!5L 

AsilZL 

A9-CSL 



RAS 

CAS 

WE 



PCAS 



(27) 



(2) 



(21) 



(28) 



vcc-IH- 

Vcc^ 
Vss-^ 

VSS-*^ 



M4 



M3 



M2 



M1 
A0-A10 

RAS 

CAS 

WE 



Din 
Dout 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(13) 



(10) 



(6) 



(3) 



DQ3 



DQ2 



DQ1 



DQO 



CAS Din 



Dout 



M8 



M7 



M6 



M5 
A0-A10 Din 

RAS Dout 

CAS 

WE 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(26) PD 



(29) PQ 



(25) 



(23) 



(20) 



(16) 



DQ7 



DQ6 



DQ5 



DQ4 



► M1 - 9 Vcc 

C = 0.22pF x 9 
► M1 - 9 Vss 
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HB56A19 Series 



I PHYSICAL OUTLINE 
HB56A19A Series 



81.2(3.197) 




0.50(0.0197) 



5.28max. 
(0.208max.) 



0.25(0.0098) 



2.54(0.1) 



HB56A19AT Series 



88.9(3.500) 



uu uuuuu' 



nnn onrifyv . rw-wwm nnnnn . 



' UUUUU — 000017 



Oa 



7.62 
(0.300) 



2.54 



(0.100) 



•l-U- 



0.50 
(0.0197 







7.62 
(0.300) E 



8.89max. 



0.35max. 



I 



,0.25(0.0098) 
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HB56A19 Series 



> HB56A19B Series 



88.9(3.500) 



3.38(0.133) 




Detail A 










f*\ 




0.25 max. 
0.010 




H 


f 1.80 min. 
J_0.07, 














1.78 
0.070 


0122-6 



Note: The plating of the contact finger is solder coat. 
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HB56A19 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin 


Input 


Vi„ 


-1.0 to +7.0 


V 


Relative to Vss 


Output 


V ut 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vgs 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


w 


50 


mA 


Power Dissipation 


P T 


9 


W 


Operating Temperature 


*opr 


to + 70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions 0a = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


VlH 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


Vil 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgg. 

• DC Electrical Characteristics (T A = to + 70°C, V C c = 5V ±10%, V S s = 0V) 





Symbol 


HB56A19A/AT/B 


Unit 


Test Conditions 




Parameter 


-6H 


-7H 


-8A 


-10A 


-12A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating Current 


teci 


— 


810 


— 


720 


— 


630 


— 


540 


— 


450 


mA 


tRC = Min 


1,2 


Standby Current 


!CC2 


- 


18 


- 


18 


- 


18 


- 


18 


- 


18 


mA 


TTL Interface 
RAS, CAS = V IH , 
D out = High-Z 




- 


9 


- 


9 


- 


9 


- 


9 


- 


9 


mA 


CMOS Interface, RAS, 
CAS > V cc - 0.2V, 
D out = High-Z 




RAS Only 
Refresh Current 


J CC3 


- 


810 


- 


720 


- 


540 


- 


450 


- 


405 


mA 


tRC = Min 


2 


Standby Current 


!cc5 


- 


45 


- 


45 


- 


45 


- 


45 


- 


45 


mA 


RAS = Vffl, 
CAS = V IL , 

D out = Enable 


1 


CAS Before RAS 
Refresh Current 


ICC6 


- 


810 


- 


720 


- 


540 


- 


360 


- 


320 


mA 


t R c = Min 




Fast Page 
Mode Current 


!CC7 


- 


810 


- 


720 


- 


450 


- 


450 


- 


360 


mA 


tpc — Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


- 


10 


uA 


0V < V in < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


uA 


0V < V out < 7V, 
D out = Disable 




Output High Voltage 


VOH 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


W = ~5mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 





0.4 


V 


lout = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed less than three ti mes wh ile RAS = V^. 

3. Address can be changed once or less while CAS = Vih- 
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HB56A19 Series 



• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


60 


pF 


1 


Input Capacitance (Clock) 


C12 


— 


75 


pF 


1 


Input/Output Capacitance (DQ0-DQ7) 


c i/o 


— 


17 


pF 


1,2 


Input Capacitance (PD) 


C13 


— 


10 


pF 


1,2 


Output Capacitance (PQ) 


Co 


— 


12 


pF 


1,2 



Notes: 1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 

• AC Characteristics 

Please show at HM511000H series or HM511000A series about AC Characteristics. But don't use by Delayed Write Cycle, be- 
cause the HB56A19 provides common data inputs and outputs. Please use by Early Write Cycle, (tyvcs ^ twcs (min)). 
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HB56A19L Series 

1,048,576- Word x 9-Bit High Density Dynamic RAM Module 

■ DESCRIPTION ■ PIN OUT 

The HB56A19 is a 1M x 9 dynamic RAM module, mount- 
ed nine 1 Mbit DRAM (HM511000ALJP) sealed in SOJ pack- 
age. An outline of the HB56A19 is 30-pin single in-line pack- 
age having lead types (HB56A19A, HB56A19AT), socket 
type (HB56A19B, HB56A19GB). Therefore, the HB56A19 
makes high density mounting possible without surface mount 
technology. The HB56A19 provides common data inputs 
and outputs and also provides separate I/O on parity bit for 
parity check. Its module board has decoupling capacitors 
beneath each SOJ. 

■ FEATURES 



30-pin Single In-line Package 
Lead Pitch 



.2.54 mm 



Single 5V (±10%) Supply 
High Speed 

Access Time 60 ns/70 ns/80 ns/ 

100 ns/120 ns (max) 
Low Power Dissipation 

Active Mode 4455 mW/3960 mW/3465 mW7 

2970 mW/2475 mW (max) 

Standby Mode 15.3 mW (max) 

• Fast Page Mode Capability 
- 512 Refresh Cycle/64 ms (Distribution Refresh) 
' 2 V ariatio ns of Refresh 
RAS Only R efres h 
CAS Before RAS Refresh 
■ TTL Compatible 







,,nn...: .".;„:: 






nn 


/ 

1 pin 






/ 

30 pin 

0153-1 




Pin No. 


Pin Name 


Pin No. 


Pin Name 


1 


v C c 


16 


DQ 4 


2 


CAS 


17 


A 8 


3 


DQo 


18 


A 9 


4 


A 


19 


NC 


5 


Ai 


20 


DQ 5 


6 


DQi 


21 


WE 


7 


A 2 


22 


v S s 


8 


A 3 


23 


DQ 6 


9 


v S s 


24 


NC 


10 


DQ 2 


25 


DQ 7 


11 


A 4 


26 


PQ 


12 


A 5 


27 


RAS 


13 


DQ 3 


28 


PCAS 


14 


A 6 


29 


PD 


15 


A 7 


30 


v C c 



ORDERING INFORMATION 



PIN DESCRIPTION 





Package 


Access 
Time 


30-pin SIP 
Lead Type 


30-pin SIP 
Low Profile 
Lead Type 


30-pin SIPl 
Socket Type 


30-pin SIPl 
Socket Type 


60 ns 


HB56A19A-6L 


HB56A19AT-6L 


HB56A19B-6L 


HB56A19GB-6L 


70 ns 


HB56A19A-7L 


HB56A19AT-7L 


HB56A19B-7L 


HB56A19GB-7L 


80 ns 


HB56A19A-8L 


HB56A19AT-8L 


HB56A19B-8L 


HB56A19GB-8L 


100 ns 


HB56A19A-10L 


HB56A19AT-10L 


HB56A19B-10L 


HB56A19GB-10L 


120 ns 


HB56A19A-12L 


HB56A19AT-12L 


HB56A19B-12L 


HB56A19GB-12L 



Note: 1. Following the specification of the contact pad. 
HB56A19B-XXL : solder 
HB56A19GB-XXL:gold 



Pin Name 


Function 


A0-A9 


Address Input 


A -A 8 


Refresh Address Input 


RAS 


Row Address Strobe 


CAS, PCAS 


Column Address Strobe 


WE 


Read/Write Enable 


DQo-DQ n 


Data-in/Data-out 


PD 


Parity Data-in 


PQ 


Parity Data-out 


v C c 


Power Supply ( + 5V) 


v S s 


Ground 


NC 


No Connection 
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HB56A19L Series 



BLOCK DIAGRAM 



AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 



RAS 
CAS 
WE 



(4) 



(5) 


N. 


(7) 


s 


(8) 


\ 


(11) 


\ 


(12) 


V 


(14) 


\ 


(15) 


\ 


(17) 


X 


(18) 


\ 



(27) 



(2) 



(21) 



PCAS <22L 



Vcc 



Vcc 
Vss 



Vss 



(D 



(30) 



(9) 



(22) 



M3 



M2 



M1 



MO 

A0-A9 Din 

RAS Dout 

CAS" 

wf 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(13) 



■DQ3 



(10) 



DQ2 



(6) 



DQ1 



(3) 



DQO 



M8 



CAS 



M7 



M6 



M5 



M4 

A0-A9 Din 

RAS Dout 

CAT 



Din 
Dout 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(29) 



(26) 



(25) 



(23) 



(20) 



(16) 



PD 
PQ 
DQ7 

DQ6 

DQ5 

DQ4 



MO - 8 Vcc 



C = 0.22^Fx9 

► MO - 8 Vss 
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HB56A19L Series 



I PHYSICAL OUTLINE 
HB56A19A Series 




5.28 max.. 



• HB56A19AT Series 





< - 90 - 14 „ 

3.549 * 






) 


\ 


) 


) 




g c 
r^ c 

V 




V , fi9 fnl Ifil IrQ Inl H=3 fUlJUiUaJiJiUUI.n.lil El R 


R(ffl|ijl(n||nlffPPRinirara30 




l 


Willi 


IIIIIIIIII 

< 2.54 — * 


0.50 


inn^ 


8.24 


I C 


0.324 








0.1 


00 


0.020 


in C 



8.89 max.. 




' f J 



• HB56A19B/GB Series 



3 500 

82 14 





nnnnnnnmrnnnnnnnnnnnnnnnnnnhnnrtLii 



,2.54 



1 78 



Detail A 



Note: Following the specification of the contact pad 



Part No. 


Contact Pad 


HB56A19B-6L/7L/8L/10L/12L 


Solder 


HB56A19GB-6L/7L/8L/10L/12L 


Gold 



25 man. ■ 
010 1 



^5\ 



iil 

0.070 
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HB56A19L Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin 


(Input) 


V in 


-1.0 to +7.0 


V 


Relative to V$s 


(Output) 


V ut 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§s 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


9 


W 


Operating Temperature 


Topr 


to + 70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



I ELECTRICAL CHARACTERISTICS 

» Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


Vil 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vss- 
• DC Electrical Characteristics (T A 



to +70°C, V cc = 5V ±10%, V S s = 0V) 





Symbol 


HB56A19/AT/B/GB 


Unit 


Test Conditions 




Parameter 


-6L 


-7L 


-8L 


-10L 


-12L 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating 
Current 


!cci 


- 


810 


- 


720 


- 


630 


- 


540 


- 


450 


mA 


t R c = Min 


1,2 


Standby 


!CC2 


- 


18 


- 


18 


- 


18 


- 


18 


- 


18 


mA 


TTL Interface 
RAS, CAS = V m , 
D out = High-Z 




Current 


- 


2.7 


- 


2.7 


- 


2.7 


- 


2.7 


- 


2.7 


mA 


CMOS Interface 

RAS, CAS > V CC ~ 0.2V, 

D out = High-Z 




RAS Only 
Refresh Current 


!CC3 


- 


810 


- 


720 


- 


540 


- 


450 


- 


405 


mA 


tR C = Min 


2 


Battery Back Up 
Current 


!CC4 


- 


2.7 


- 


2.7 


- 


2.7 


- 


2.7 


- 


2.7 


mA 


tRC = 125 jas 

CAS Before RAS Refresh 


4 


Standby 
Current 


!CC5 


- 


45 


- 


45 


- 


45 


- 


45 


- 


45 


mA 


RAS = V IH , 
CAS = V IL , 

D out = Enable 


> 


CAS Before 
RAS Refresh 
Current 


!CC6 


- 


720 


- 


630 


- 


540 


- 


450 


- 


360 


mA 


t RC = Min 




Fast Page Mode 
Current 


I CC7 


- 


720 


- 


630 


- 


450 


- 


450 


- 


360 


mA 


tpc == Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


JLtA 


0V < V in < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


uA 


0V < V out < 7V 
D out = Disable 




Output High 
Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


Vcc 


2.4 


Vcc 


V 


W = - 5 mA 




Output Low 
Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 





0.4 


V 


lout = 4.2 mA 






Notes: 1. Ice depends on output load condition when the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vjl- 

3. Address can be changed < 1 time while CAS = Vth- 

4. tRAS = t R AS (min) to 1 /as. 

Input voltage: All pins: V IH £ V C c - 0.2V or V IL < 0.2V. 
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HB56A19L Series 



• Capacitance (T A = 25°C, V C c = 5V ± 


10%) 










Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


60 


pF 


1 


Input Capacitance (Clock) 


C12 


— 


75 


pF 


1 


Input/Output Capacitance (DQq_7) 


Cl/O 


— 


17 


pF 


1,2 


Input Capacitance (PD) 


Cb 


— 


10 


pF 


1 


Output Capacitance (PQ) 


Co 


— 


12 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 

• AC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 1 - 12 
Read, Write, and Refresh Cycle (Common Parameters) 





Symbol 


HB56A19/AT/B/GB 


Unit 




Parameter 


-6L 


-7L 


-8L 


-10L 


-12L 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Random Read or Write Cycle Time 


tRC 


120 


— 


130 


— 


160 


— 


190 


— 


220 


— 


ns 




RAS Precharge Time 


*RP 


50 


— 


50 


— 


70 


— 


80 


— 


90 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


20 


10000 


70 


10000 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


Use 





— 





— 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


40 


20 


50 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


*RAD 


15 


30 


15 


35 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


20 


— 


20 


— 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tCSH 


60 


— 


70 


— 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


64 


— 


64 


— 


64 


— 


64 


— 


64 


ms 


15 


Read Cycle 




Symbol 


HB56A19A/AT/B/GB 


Unit 




Parameter 


-6 


L 


-7 


L 


-8L 


-10L 


-12L 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


— 


120 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


20 


— 


20 


— 


25 


— 


25 


— 


30 


ns 


3,4 


Access Time from Address 


*AA 


— 


30 


— 


35 


— 


40 


— 


45 


— 


55 


ns 


3,5 


Read Command Setup Time 


tRCS 





— 





— 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


tRAL 


30 


— 


35 


— 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


k)FFl 


— 


20 


— 


20 


— 


20 


- 


25 


- 


30 


ns 


6 
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HB56A19L Series 



Write Cycle 





Symbol 


HB56A19A/AT/B/GB 


Unit 




Parameter 


-6L 


-7L 


-8L 


-10L 


-12L 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Write Command Setup Time 


twcs 





— 





— 





— 





— 





— 


ns 


10 


Write Command Hold Time 


tWCH 


15 


— 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


*WP 


10 


— 


10 


— 


15 


— 


15 


— 


20 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 





— 





— 


ns 


11 


Data-in Hold Time 


tDH 


15 


— 


15 


— 


20 


— 


20 


— 


25 


— 


ns 


11 



Refresh Cycle 






























Symbol 


HB56A19A/AT/B/GB 


Unit 




Parameter 


-6L 


-7L 


-8L 


-10L 


-12L 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


- 


10 


— 


10 


— 


10 


— 


10 


— 


ns 





Fast Page Mode Cycle 





Symbol 


HB56A19A/AT/B/GB 


Unit 




Parameter 


-6L 


-7L 


-8L 


-10L 


-12L 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Fast Page Mode Cycle Time 


tpc 


45 


— 


50 


— 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


*CP 


10 


— 


10 


— 


10 


— 


10 


— 


15 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


— 


100000 


— 


100000 


ns 


13 


Access Time from CAS Precharge 


*ACP 


— 


40 


— 


45 


— 


50 


— 


50 


— 


60 


ns 


14 


RAS Hold Time from CAS Precharge 


tRHCP 


40 


- 


45 


— 


50 


- 


50 


- 


60 


— 


ns 





Notes: 1. AC measurements assume tj — 5 ns. 

2. Assumes that tRCD ^ *RCD (max) and tRAD - tRAD (max). If tRCD or *RAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that t RCD > t RC D (max), tRA D < tRAD (max). 

5. Assumes that tRCD ^ tRCD ( max )> - tRAD (max). 

6. tQFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. Vjh (min) and Vil (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vjl- 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. Early write cycle only Owes - t\y cs (m in)). 

11. These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of 100 ju ,s is required a fter p ower up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RA S cloc k such as RAS only refresh). 

13. tRASC i s determined by RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or tcAC or tACP- 

15. tREF is determined by 512 refresh cycles. 
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HB56A19L Series 



■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



"\ 



tT 



CAS 



tASR. 



P 

Address % 




WE 



Dout 



Din 



tRC 



tRAS 



1 



tRCD 



tCSH 



i- 



|tRAH 
tASC 



~i- 



Row 



X 




\ 



tRAO 




t"W2'K 



tRCS 
tAR 



tRSH 



tCAS 






-C 



1 



Column 



tCAH 
tRAL 



< tcAC > 



tAA 



tRAC 



tRP 



tCRP 



&RRH 



JRCH 



4t _xo» ^ 



-f 



"L 



Valid 
Output 



"*. 



J" 



High-Z 



: Don't care 



\ 
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HB56A19L Series 



• Early Write Cycle 



RAS 



"\ 



tr , 



CAS 



tASR. 



Address 




Din 



Dout 



tRC 



X 



tRAS 



X 



tRCD 



"X 



ItRAH 
tASC 



Row 



X 



J" 



tRAD 



^m^.c 




tRSH 



tCSH 



< — &t — ► 



"L 



f 



Column 



tWCR 



twcs t 



tDHR 



tDS 




r% 



tCAH 
tRAL 



tRP 



tCRP 



tWP 




tDH 



Valid 
Input 



High-Z 



Don't care 



v 





HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



751 



HB56A19L Series 

• RAS Only Refresh Cycle 



RAS 



"\ 



tCRP 



CAS 




tASR^ 



Address 



Dout 



"L 



ItRAH 



tRC 



tRAS 



/f 



tRP 



itRPC 



High-Z 



1 WE : Don't care 

2 K222J : Don't care 



\ 





• CAS Before RAS Refresh Cycle 



RAS 



tRPC 



CAS 



tRAS 



tRC 




\ 



1 Address, Din : Don't care 

2 Dout: High-Z 

3 \%4ft '• Don't care 
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HB56A19L Series 



• Fast Page Mode Read Cycle 



RAS \ 



tT 



CAS 



tASR fc 



Address 



tRASC 



tCSH 



tRCD 



\ 



tRAI 



tASC 



Row 



WE 



Dout 



J" 



^-^-£ 




Din 



tRCS 



«-^i* 






/ 



Column 1 




;r 



tRCH. 



tRAC 



tCP 



tASC 




tPC 



, tCAS , 



» 



"\ 



Column 2 



JT 



tRCS tRCH 



tACP 



^EL_„ 



tRHCP 



1 



\ 



tASC 




^ tCAS 



tRAI 



Column N 



J£ 



tRCS 



tRP 



1 



tACP 



^JtOFF^ 



i-Valid -r 7-Valld -r f Valid -|r 

:-Output1 -.1 i-Output2 2 S_ OutputN Jf 



tCRP 




tRRH 




<^> 



High-Z 



gj : Don't care 
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HB56A19L Series 

• Fast Page Mode Early Write Cycle 



RAS 



\ 



tT 



CAS 



tASR 



Address 



"^. 



tRASC 



tCSH 



4 ^5 ► 



i. 



< tRAD » 

tRAI 



tASC 



Row 



— H 



WE 



Din 



Dout 




^. 



JT 



twcs , 




"\ T 



^CAS^ 



r~\ 



Column 1 



tDS. 




tCP 



tASC 



twcs 



tWP 




tPC 



, tCAS, 






Column 2 



-tDH 



Valid 
Input 1 



tDS t 




tASC 




twcs 



tWCH 
tWP 




, t RSH 
tCAS 



1 



«-*=-► 



JT 



7 



tCRP 



Column N 



tDH 



Valid 
Input 2 



tDS. 




r 




tWCH 
tWP 




tDH 



Valid 
X Input N 




High-Z 



: Don't care 
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HB56C19 Series 

1,048,576-Word x 9-Bit High Density Dynamic RAM Module 

■ DESCRIPTION 

The HB56C19 is a 1M x 9 static column mode dynamic RAM module, mounted 
nine 1-Mbit DRAM (HM511002JP) sealed in SOJ package. An outline of the 
HB56C19 is 30-pin single in-line package having Lead types (HB56C19A, 
HB56C19AT), socket type (HB56C19B). Therefore, the HB56C19 makes high densi- 
ty mounting possible without surface mount technology. The HB56C19 provides 
common data inputs and outputs and also provides separate I/O on parity bit for 
parity check. Its module board has decoupling capacitors beneath each SOJ. 

■ FEATURES 

• 30-pin Single In-line Package 

Lead Pitch 2.54mm 

• Single 5V (± 10%) Supply 

• High Speed 

Access Time 80 ns/100 ns/120 ns (max) 

• Low Power Dissipation 

Active Mode 3465 mW/2970 mW/2475 mW (max) 

Standby Mode 99 mW (max) 

• Static Column Mode Capability 

• 512 Refresh Cycle (8 ms) 

• 2 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Access 
Time 


Package 


30-pin SIP 
Lead Type 


30-pin SIP Low 
Profile Lead Type 


30-pin SIMM 
Socket Type 


80 ns 


HB56C19A-8A 


HB56C19AT-8A 


HB56C19B-8A 


100 ns 


HB56C19A-10A 


HB56C19AT-10A 


HB56C19B-10A 


120 ns 


HB56C19A-12A 


HB56C19AT-12A 


HB56C19B-12A 



PIN OUT 




PIN DESCRIPTION 



Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 
Name 


1 


v C c 


16 


DQ 4 


2 


cs 


17 


A 8 


3 


DQo 


18 


A 9 


4 


Ao 


19 


NC 


5 


Ai 


20 


DQ 5 


6 


DQi 


21 


WE 


7 


A 2 


22 


v S s 


8 


A 3 


23 


DQ 6 


9 


v S s 


24 


NC 


10 


DQ 2 


25 


DQ 7 


11 


A4 


26 


PQ 


12 


A 5 


27 


RAS 


13 


DQ 3 


28 


PCS 


14 


A 6 


29 


PD 


15 


A 7 


30 


v C c 



PIN DESCRIPTION 



Pin Name 


Function 


A0-A9 


Address Input 


Ao-A 8 


Refresh Address Input 


RAS 


Row Address Strobe 


CS 


Chip Select 


PCS 


Parity Chip Select 


WE 


Read/Write Enable 


DQ0-DQ7 


Data-in/Data-out 


PD 


Parity Data-in 


PQ 


Parity Data-out 


v C c 


Power Supply ( + 5V) 


v S s 


Ground 


NC 


Non-Connection 
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HB56C19 Series 



BLOCK DIAGRAM 



(4) 



(S) 



A0- 

A1- 

A2 

A3-M- 

A4 



(7) 



(11) 



A5 



(12) 



A6-M. 
A7-H5I 



A8-UZL 



A9-08L 



(27) 



RAS 
CAS 



(2) 



PCAS 



(28) 



vcc-ili- 

Vcc^^OL 



J?L 



Vss- 
Vss-<^ 



M4 



M3 



M2 



M1 
A0-A10 Din 



RAS 
CAS 
WE 



Dout 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(13) 



(10) 



(6) 



(3) 



DQ3 



DQ2 



DQ1 



DQO 



CAS Din 

Dout 



M8 



M7 



M6 



M5 
A0-A10 Din 



RAS 
CAS 
WE 



Dout 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(26) PD 



(29) PQ 



(25) 



(23) 



(20) 



(16) 



DQ7 



DQ6 



DQ5 



DQ4 



-*-M1 ~9Vcc 



C - 0.22pF x 9 
»-M1 -9 Vss 
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I PHYSICAL OUTLINE 
> HB56C19A Series 



HB56C19 Series 

mm 



Unit: 



(inch) 



81.2(3.197) 




0.50(0.0197) 



5.28max. 
(0.208max.) 



0.25(0.0098) 



2.54(0.1) 



• HB56C19AT Series 



88.9(3.500) 



***—» — BOCMQ. 



y 'uuuuu wuvu 1 YiBuuu 



uu wuuir'uuuuu — aoocnr 



■"■» 



JiaAaj 1 








2.54 



7.62 



(0.300) (0.100) 



J-U- 



0.50 
(0.0197) 






8.89max. 



0.35max. 



(0.300) i 
3 




0.25(0.0098) 



' HB56C19B Series 



3.38(0.133) 



5.35 ( 0.250 Y I 
(R0.067max.)' 
1.7max. 
2.03(0.080) 



7.62(0.300) 



88.9(3.500) 



82.14(3.234) 



O: 



1.14min.(2x) 



(0.045min.) 



O 






rtnnnnnn nnnnnnnnnnnnnnnnnnnnnti 



2.54(0.100) BASIC 
BOTH SIDES 

1.78(0.070) 



73.66( 2.900 )REF 




1.2710.127 



(0.05 ±0.005) 
L 2.54min.(0.100min.) 
\3.17±O.127(0O.125±O.OO5) 



(0.07min) 



BASIC 
BOTH SIDES 



Note: 1. The plating of the contact finger is solder coat. 
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HB56C19 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


W 


50 


mA 


Power Dissipation 


P T 


9.0 


W 


Operating Temperature 


Topr 


Oto +70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


VlL 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vss- 

• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 





Symbol 


HB56C19A/AT/B 


Unit 


Test Conditions 




Parameter 


-8A 


-10A 


-12A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 




Operating Current 


feci 


— 


630 


— 


540 


— 


450 


mA 


t RC = Min 


1,2 


Standby Current 


ICC2 


- 


18 


- 


18 


- 


18 


mA 


TTL Interface 
RAS, CAS = V m , 

D out = High-Z 




- 


9 


- 


9 


- 


9 


mA 


CMOS Interface RAS, 
CAS > V C c - 0.2V, 
D out = High-Z 




RAS Only 
Refresh Current 


!cc3 


- 


540 


- 


450 


- 


405 


mA 


t RC = Min 


2 


Standby Current 


!CC5 


- 


45 


- 


45 


- 


45 


mA 


RAS = V IH , 
CS = Vil 
D out = Enable 


1 


CAS Before RAS 
Refresh Current 


!CC6 


- 


540 


- 


450 


- 


360 


mA 


t RC = Min 




Static Column 
Mode Current 


J CC9 


- 


540 


- 


450 


- 


360 


mA 


Static Column Mode 
tpc = Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


jaA 


0V < V in < 7V 




Output Leakage 
Currernt 


Ilo 


-10 


10 


-10 


10 


-10 


10 


juiA 


0V < V out < 7V, 
D out — Disable 




Output High Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


lout = - 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


Wt = 4.2 mA 





Notes: 1. Ice depends on output load condition when the dev ice is selected, Ice max * s specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vjx- 

3. Address can be changed once or less while CS = Vih- 
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HB56C19 Series 



• Capacitance (T A = 25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


60 


pF 


1 


Input Capacitance (Clock) 


C12 


— 


75 


pF 


1,2 


Input/Output Capacitance (DQ0-DQ7) 


c I/0 


— 


17 


pF 


1,2 


Input Capacitance (PD) 


C13 


— 


10 


pF 


1 


Output Capacitance (PQ) 


Co 


— 


12 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CS = V IH to disable D out . 

• AC Characteristics 

Please show at HM511002A series about AC Characteristics. But don't use by Delayed Write Cycle, because the HB56C19 
provides common data inputs and outputs. Please use by Early Write Cycle, (twcs ^ 1 WCS (min)). 
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HB56G19 Series 



1,048,576-Word x 9-Bit High Density Dynamic RAM Module 

■ DESCRIPTION ■ PIN OUT 

The HB56G19 is a 1M x 9 dynamic RAM module, mount- 
ed two 4 Mbit DRAM (HM514400AS) sealed in SOJ package 
and 1 Mbit DRAM (HM511000AJP) sealed in SOJ package. 
An outline of the HB56G19 is 30-pin single in-line package 
having lead types (HB56G19A), socket type (HB56G19B/ 
GB). Therefore, the HB56G19 makes high density mounting 
possible without surface mount technology. The HB56G19 
provides common data inputs and outputs and also provides 
separate I/O on parity bit for parity check. Its module board 
has decoupling capacitors beneath each SOJ. 

■ FEATURES 

• 30-pin Single In-line Package 

Lead Pitch 2.54mm 

• Single 5V (±10%) Supply 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns (max) 

• Low Power Dissipation 

Active Mode 1705 mW/1540 mW/ 

1375 mW/1210mW (max) 
Standby Mode 33 mW (max) 

• Fast Page Mode Capability 

• 1,024 Refresh Cycle (16 ms) 

• 2 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HB56G19A-6A 


60 ns 




HB56G19A-7A 


70 ns 


30-pin SIP 
Low Profile 
Lead Type 


HB56G19A-8A 


80 ns 


HB56G19A-10A 


100 ns 




HB56G19B/GB-6A 


60 ns 




HB56G19B/GB-7A 


70 ns 


30-pin SIP 


HB56G19B/GB-8A 


80 ns 


Socket Type 


HB56G19B/GB-10A 


100 ns 





Note: Following the specification of the contact 
HB56G19B-XX :solder 
HB56G19GB-XX :gold 



pads. 




Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 

Name 


1 


v C c 


16 


DQ 4 


2 


CAS 


17 


A 8 


3 


DQo 


18 


A 9 


4 


A 


19 


NC 


5 


Ai 


20 


DQ 5 


6 


DQi 


21 


WE 


7 


A 2 


22 


v S s 


8 


A 3 


23 


DQ 6 


9 


Vss 


24 


NC 


10 


DQ 2 


25 


DQ 7 


11 


A 4 


26 


PQ 


12 


A 5 


27 


RAS 


13 


DQ 3 


28 


PCAS 


14 


A 6 


29 


PD 


15 


A 7 


30 


v C c 



PIN DESCRIPTION 



Pin Name 


Function 


A0-A9 


Address Input 


A0-A9 


Refresh Address Input 


RAS 


Row Address Strobe 


CAS, PCAS 


Column Address Strobe 


WE 


Read/Write Enable 


DQ0-DQ7 


Data-in/Data-out 


PD 


Parity Data-in 


PQ 


Parity Data-out 


v C c 


Power Supply ( + 5V) 


v S s 


Ground 


NC 


No Connection 
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BLOCK DIAGRAM 



HB56G19 Series 



AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

RAS 
CAS" 

WT 



M. 



(5) 



(7) 



(8) 



(11) 



(12) 



(14) 



(15) 



(17) 



(18) 



(27) 



(2) 



(21) 



PCAS- 



(28) 



Vcc 



Vcc 
Vss 



Vss 



(D 



(30) 



(9) 



(22) 



A0-A9 
RAS 
CAT 
WT 



MO 

1/01 
I/02 
I/03 
I/04 

OE* 
Vcc Vss 



Hh-a 



A0-A9 

RAS 

CAT 

wT 



M1 

1/01 
1/02 
1/03 
1/04 

OE 
Vcc Vss 



' C2 



M2 
A0-A9 
RAS 
CAT 
WT 

Vcc Vss 



Dout 
Din 



Hh- 



C3 



(3) 



(6) 



(10) 



(13) 



DQO 

D Q 1 HM514400AS 
DQ2 

DQ3 



777 



(16) 



(20) 



(23) 



(25) 



DQ4 
DQ5 
DQ6 
DQ7 



HM514400AS 



777 



(26) 



PQ 



(29) 



HM511000AJP 



PD 
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HB56G19 Series 



■ PHYSICAL OUTLINE 
• HB56G19A Series 



Unit: ; 



inch 



78.74 



5.106 




~ ' A 208 



J 



0.50 



• HB56G19B/GB Series 



Mo 



0.080 
7 62 



3.500 
82.14 
^53T- 



e 



n nnrinrrniftri 





*F 



riririnriririi^ nrinrinnnnifi » 



1,7° 



7?-W 



Note: Following the specification of the contact pads. 



Part No. 


Contact Pad 


HB56G19B-XX 


Solder 


HB56G19GB-XX 


Gold 



Detail A 



m 



1*22. 



0.050 







s^^y 




25 max. 


r 


H 


^ 1.80min. 
X 0.071 


0.010 










i 


k 


1.78 
070 
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HB56G19 Series 



■ ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin 


(Input) 


Vi„ 


-1.0 to +7.0 


V 


Relative to Vss 


(Output) 


Vout 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vss 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


8 


W 


Operating Temperature 


Topr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A 



Oto +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


VlL 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vss- 
• DC Electrical Characteristics 0a 



to +70°C, V C c = 5V ±10%, V ss = 0V) 





Symbol 


HB56G19A/B/GB 


Unit 


Test Conditions 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating 
Current 


J CC1 


- 


310 


- 


280 


- 


250 


- 


220 


mA 


t RC = Min 


1,2 


Standby Current 


!CC2 


- 


6 


- 


6 


- 


6 


- 


6 


mA 


TTL Interface 
RAS, CAS = V IH , 
D out = High-Z 




- 


3 


- 


3 


- 


3 


- 


3 


mA 


CMOS Interface RAS, 
CAS > V cc - 0.2V, 
D ou t = High-Z 




RAS Only 

Refresh Current 


!CC3 


- 


310 


- 


280 


- 


240 


- 


210 


mA 


tRc = Min 


2 


Standby 
Current 


!CC5 


- 


15 


- 


15 


- 


15 


- 


15 


mA 


RAS = V IH , 
CAS = V IL , 
D out = Enable 


1 


CAS Before RAS 
Refresh Current 


!CC6 


- 


300 


- 


270 


- 


240 


- 


210 


mA 


t RC = Min 




Fast Page Mode 
Current 


!CC7 


- 


300 


- 


270 


- 


230 


- 


210 


mA 


tpc = Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


JLlA 


0V < V in < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


julA 


0V < V out < 7V, 
Dout = Disable 




Output High 
Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


lout = ~ 5 mA 




Output Low 
Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 


V 


lout = 4.2 mA 





Notes: 1. Ice depends on output load condition when the dev ice is selected, Ice max * s specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vtl- 

3. Address can be changed < 1 time while CAS = Vjh. 
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HB56G19 Series - 
• Capacitance (Ta 



25°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


30 


pF 


1 


Input Capacitance (Clock) 


C12 


— 


36 


pF 


1 


Input/Output Capacitance (DQo_7) 


c i/o 


— 


17 


pF 


1,2 


Input Capacitance (PD) 


Cl3 


— 


10 


P F 


1 


Output Capacitance (PQ) 


Co 


— 


12 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 

• AC Electrical Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V)L 12 
Read, Write, and Refresh Cycles (Common Parameters) 





Symbol 


HB56G19A/B/GB 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Random Read or 
Write Cycle Time 


tRC 


120 


- 


130 


- 


160 


- 


190 


- 


ns 




RAS Precharge Time 


*RP 


50 


— 


50 


— 


70 


— 


80 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


20 


10000 


20 


10000 


25 


10000 


25 


10000 


ns 




Row Address 
Setup Time 


tASR 





- 





- 





- 





— 


ns 




Row Address 
Hold Time 


tRAH 


10 


- 


10 


- 


12 


- 


15 


- 


ns 




Column Address 
Setup Time 


tASC 





- 





- 





- 





- 


ns 




Column Address 
Hold Time 


tCAH 


15 


- 


15 


- 


20 


- 


20 


- 


ns 




RAS to CAS 

Delay Time 


tRCD 


20 


40 


20 


50 


22 


55 


25 


75 


ns 


8 


RAS to Column 
Address Delay 
Time 


tRAD 


15 


30 


15 


35 


17 


40 


20 


55 


ns 


9 


RAS Hold Time 


tRSH 


20 


— 


20 


— 


25 


— 


25 


— 


ns 




CAS Hold Time 


tcSH 


60 


— 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS 

Precharge Time 


*CRP 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Transition Time 
(Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


— 


16 


ms 


15 
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HB56G19 Series 



Read Cycle 





Symbol 


HB56G19A/B/GB 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Access Time 
from RAS 


tRAC 


- 


60 


- 


70 


- 


80 


- 


100 


ns 


2,3 


Access Time 
from CAS 


*CAC 


- 


20 


- 


20 


- 


25 


- 


25 


ns 


3,4 


Access Time 
from Address 


*AA 


- 


30 


- 


35 


- 


40 


- 


45 


ns 


3,5 


Read Command 
Setup Time 


*RCS 





- 





- 





- 





- 


ns 




Read Command Hold Time 
to CAS 


tRCH 





- 





- 





- 





- 


ns 




Read Command Hold Time 
to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Column Address to 
RAS Lead Time 


tRAL 


30 


- 


35 


- 


40 


- 


45 


- 


ns 




Output Buffer 
Turn-off Time 


tQFF 





20 





20 





20 





25 


ns 


6 



Write Cycle 





Symbol 


HB56G19A/B/GB 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Write Command 
Setup Time 


twcs 





- 





- 





- 





- 


ns 


10 


Write Command 
Hold Time 


t\VCH 


15 


- 


15 


- 


20 


- 


20 


- 


ns 




Write Command 
Pulse Width 


twp 


10 


- 


10 


- 


15 


- 


20 


- 


ns 




Data-in 
Setup Time 


*DS 





- 





- 





- 





- 


ns 


11 


Data-in 
Hold Time 


*DH 


15 


- 


15 


- 


20 


- 


20 


- 


ns 


11 
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HB56G19 Series 
Refresh Cycle 





Symbol 


HB56G19A/B/GB 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




CAS Setup Time 
(CAS Before RAS 
Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS Before RAS 
Refresh Cycle) 


tCHR 


15 


- 


15 


- 


20 


- 


20 


- 


ns 




RAS Precharge to 
CAS Hold Time 


tRPC 


10 


- 


10 


- 


10 


- 


10 


- 


ns 





Fast Page Mode Cycle 





Symbol 


HB56G19A/B/GB 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Fast Page Mode 
Cycle Time 


tpc 


45 


- 


50 


- 


55 


- 


55 


- 


ns 




Fast Page Mode 
CAS Precharge Time 


tCP 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Fast Page Mode 
RAS Pulse Width 


tRASC 


60 


100000 


70 


100000 


80 


100000 


100 


100000 


ns 


13 


Access Time from 
CAS Precharge 


tACP 


- 


40 


- 


45 


- 


50 


- 


50 


ns 


14 


RAS Hold Time from 
CAS Precharge 


tRHCP 


40 


- 


45 


- 


50 


- 


50 


- 


ns 





Notes: 1. AC measurements assume tj = 5 ns. 

2. Assumes that tRCD ^ tRCD ( max ) an£ * tRAD - tRAD (max). If tRCD or *RAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that tRCD ^ tRCD (max) and tRAD - tRAD (max). 

5. Assumes that tRCD ^ tRCD (max) and tRAD - tRAD (max). 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vm and Vtl. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD i s greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. Early write cycle only Owes - twcs (min)). 

11. These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of 100 jus is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 

13. tRASC is determined by RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or tcAC or tACP- 

15. tREF is determined by 1,024 refresh cycles. 
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HB56G19 Series 



■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



"\ 



tT 



CAS 



tASR. 



Address 




WE 



Dout 



Din 



tRC 



"I 



tRAS 



I 



tRCD 



tCSH 



|tRAH 
tASC 



"^ 



Row 



TL 




"i 



tRAD 




xmri 



tRCS 
tAR 



tRSH 



tCAS 



^- 



Column 



tCAH 
tRAL 



< tCAC > 



tAA 



tRAC 



tRP 



tCRP 



<-*> 



itRRH 



tRC^H 



+-J2Z1 ► 



f 



Valid 
Output 



JT 



High-Z 



y, : Don't care 



V 
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HB56G19 Series 



• Early Write Cycle 



RAS 



\ 



tT 



CAS 



tASR. 



Address 




WE 



Dout 



Din 



tRC 



tRAS 






tRCD 



|tRAH 
tASC 



1L 

^ 



1. 



Row 



JT 



tRAD 




tRSH 



tCSH 



< — ^ — ► 



'L 



f 



Column 



tWCR 



twcs. 



tDHR 



tDS 




tCAH 
tRAL 



tRP 



tCRP 



tWP 



Valid 
Input 



High-Z 



'& : 



Don't care 



v 
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HB56G19 Series 



• RAS Only Refresh Cycle 



RAS 



\ 



tCRP 



CAS 




tASR 



Address 



Dout 



tRC 



tRAS 



JV 



/ 



tRP 



itRPC 



\ 




ItRAH 




High-Z 



1 WE : Don't care 

2 K2^ : Don't care 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 




1 Address, Din : Don't care 

2 Dout: High-Z 

3 [%^j : Don't care 

4 WE = VIH 
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HB56G19 Series 

• Fast Page Mode Read Cycle 



RAS 



l 



XT 



CAS 



tASR 



Address 



tRASC 



tCSH 



« i52 ► 



^. 



\ 



4 tRA ° ► 
tRAI 



tASC 



Row 



WE 



Dout 



Din 



n&Zw { 



tRCS 



«££* 



X 



"\ 



Column 1 




7T 



tRCH 




tRAC 






tCP 



tASC 



"SL 



tPC 



X 



^tCAS^ 



I 



Column 2 



^-i 



JT 



tRCS tRCH 



tACP 



^tOFF^ 



7-Valid -r i 

^-Output 1 1 } 



X 



tRHCP 



1 



\ 



tASC 




, t RSH 
tCAS 



*V_ 



tRAL 



Column N 



JT 



tRCS 



tRP 



./ 



.r 



tAA ^ 



tACP 



^2fL_^ 



Valid 
Output 2 



t~k 



tCRP 




tRRH 




^tOFF^ 



Valid -it 

Output N X 



High-Z 



g] : Don't care 
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HB56G19 Series 



• Fast Page Mode Early Write Cycle 



RAS 



\ 



tT 



CAS 



tASR, 



Address 



"L 



tRASC 



tCSH 



tRCD 






< tRAD > 

tRAI 



tASC 



Row 



WE 



Dout 



Din 



±-m>-c 




^JCAS^ 



x — i 



/ 



"i- 



Column 1 

<LU_?r- 



tCP 



tASC 




1 ; tjvcH 

r — * 

_j twp 




tDS. 





tPC 



-\ t "sL. 



, tCAS , 



Column 2 



-tDH 



Valid 
Input 1 



tDS. 




tWCH 

twp 



tASC 



twcs 




, t RSH 
tCAS 



/ 



JT 



Column N 



tDH 



Valid 
\ Input 2 



tDS, 




twp 



tDH 

< ► 



Valid 
Input N 



High-Z 



: Don't care 



tRP 



/ 



tCRF 
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HB56A49 Series 



4,194,304-Word x 9-Bit High Density Dynamic RAM Module 

■ DESCRIPTION ■ PIN OUT 

The HB56A49 is a 4M x 9 dynamic RAM module, mount- 
ed 9 pieces of 4 Mbit DRAM (HM514100AS, HM514100JP) 
sealed in an SOJ package. An outline of the HB56A49 is the 
30-pin single in-line package. Therefore, the HB56A49 
makes high density mounting possible without surface mount 
technology. The HB56A49 provides common data inputs 
and outputs, and also provides separate I/O parity bit for 
parity check. Decoupling capacitors are mounted beneath 
each SOJ. 

■ FEATURES 

• 30-pin Single In-line Package 

Lead Pitch 2.54mm 

• Single 5V (±10%) Supply 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns (max) 

• Low Power Dissipation 

Active Mode 5445 mW/4059 mW/4455 mW7 

3960 mW (max) 
Standby Mode 99 mW (max) 

• Fast Page Mode Capability 

• 1,024 Refresh Cycle (16 ms) 

• 3 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

• Hidden Refresh 

■ PIN DESCRIPTION 



Pin Name 


Function 


Ao-A 10 


Address Input 


A -A 9 


Refresh Address Input 


RAS 


Row Address Strobe 


CAS,PCAS 


Column Address Strobe 


WE 


Read/Write Enable 


DQ0-DQ7 


Data-in/Data-out 


PD 


Parity Data-in 


PQ 


Parity Data-out 


v C c 


Power Supply ( + 5V) 


v S s 


Ground 


NC 


No Connection 




Pin No. 


Pin Name 


Pin No. 


Pin Name 


1 


v C c 


16 


DQ 4 


2 


CAS 


17 


A 8 


3 


DQo 


18 


A 9 


4 


Ao 


19 


A10 


5 


Ai 


20 


DQ 5 


6 


DQi 


21 


WE 


7 


A 2 


22 


v S s 


8 


A3 


23 


DQ 6 


9 


v S s 


24 


NC 


10 


DQ 2 


25 


DQ 7 


11 


A4 


26 


PQ 


12 


A 5 


27 


RAS 


13 


DQ 3 


28 


PCAS 


14 


A 6 


29 


PD 


15 


A 7 


30 


Vcc 



ORDERING INFORMATION 





Package 


Access 
Time 


30-pin 1 

SIP 

Socket Type 


30-pin 1 

SIP 

Socket Type 


30-pin 

SIP 

Lead Type 


30-pin 

SIP 

Lead Type 


30-pin SIP 
Low Profile 
Lead Type 


30-pin SIP 
Low Profile 
Lead Type 




0.945 Inch Height 


0.805 Inch Height 


0.989 Inch Height 


0.810 Inch Height 


0.591 Inch Height 


0.500 Inch Height 


60 ns 


— 


HB56A49BR/GBR-6A 


— 


HB56A49AR-6A 


— 


HB56A49ATR-6A 


70 ns 


— 


HB56A49BR/GBR-7A 


— 


HB56A49AR-7A 


— 


HB56A49ATR-7A 


80 ns 


HB56A49B/GB-8 


HB56A49BR/GBR-8A 


HB56A49A-8 


HB56A49AR-8A 


HB56A49AT-8 


HB56A49ATR-8A 


100 ns 


HB56A49B/GB-10 


HB56A49BR/GBR-10A 


HB56A49A-10 


HB56A49AR-10A 


HB56A49AT-10 


HB56A49ATR-10A 



Note: 1. Following the specification of the contact pad. 

HB56A49B-XX, HB56A49BR-XX: solder 

HB56A49GB-XX, HB56A49GBR-XX: gold 
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HB56A49 Series 



BLOCK DIAGRAM 



AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 

RAS 
CAS 

WE 



PCAS 



(4) 



(5) 



(7) 



(8) 



(11) 



(12) 



(14) 



(15) 



(17) 



(18) 



(19) 



(27) 



(2) 



(21) 



(28) 



Vcc 



Vcc 
Vss 



Vss 



(30) 



M3 



M2 



M1 



MO 
A0-A10 Din 

RAS Dout 

CAS* 

wT 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(13) 



DQ3 



(10) 



-DQ2 



(6) 



-DQ1 



(3) 



-DQ0 



M8 



CAS 



Din 
Dout 



M7 



M6 



M5 



M4 
A0-A10 Din 

RAS Dout 

CAS" 
WE" 



Din 
Dout 



Din 
Dout 



Din 
Dout 



(29) 



(26) 



(25) 



PD 
PQ 

DQ7 



(23) 



DQ6 



(20) 



-DQ5 



(16) 



-DQ4 



-*- MO -8 Vcc 



(9) 



(22) 



x 



C = 0.22/yFx9 



MO -8 Vss 



Note: M0-M8[HB56A49XX-XXA]: HM514100AS 
M0-M8[HB56A49XX-8/10]: HM514100JP 
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HB56A49 Series 



■ PHYSICAL OUTLINE 
• HB56A49AR Series 



Unit: 



inch 




• HB56A49ATR Series 





^ MB ^ 

3 549 






\ • > If 


f I 

illMl(R1InI(nHnirnirnl(nllnl(nl30 


g c 
r^ c 

CI C 

V 




1 (a[nll[D!(ol|olIDl[ol rarararararararararF,^;i, '' 


8 24 
0.324 




TnnTWTTTnTnii 

2 54 x K ° 50 
-< *' ? ^ > < 020 

0.100 °- wo 


n 
J c 




• HB56A49BR/GBR Series 



3 500 
82.14 




Detail A 



Note: Following the specification of the contact pad. 



Part No. 


Contact Pad 


HB56A49B4-XX 


Solder 


HB56A49GBR-XX 


Gold 







^o\ 




25 max 
010 , 


r 


1 


A \ 80 mm 
Xo071 


- 


k 


1/5 
070 
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HB56A49A Series 



HB56A49 Series 

mm 



Unit: 



inch 



88.9_ 




.j5.28max 
|0.208 



01 



,0.25 
0.01 



• HB56A49AT Series 



90.14 



3.549 




<— > 



8 8 9max 

o;35 



I 



0.02 



0.2.5 

o.on 



• HB56A49B/GB Series 




0.08' 
3.38 



] 

FOBS' 



() 



r 0.30^ 



Note: Following the specification of the contact pad. 



30 



1 



1.27 
Q.05'1 



5.28max 
0.208 



Part No. 


Contact Pad 


HB56A49B-XX 


Solder 


HB56A49GB-XX 


Gold 







y^\ 


25 max. 
0.010 , 


r 


H 


A 1 80 mm 
■1-0 071 










i 


i 


178 
070 





Detail A 
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HB56A49 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vgs 


V T 


-1.0 to +7.0 


V 


Supply Voltage Relative to V$$ 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


9 


W 


Operating Temperature 


Topr 


Oto +70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°C 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions 0a 



Oto +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


ViL 


-0.5 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgg. 

• DC Electrical Characteristics (T A = to + 70°C, V C c = 5V ±10%, V S s = 0V) 





Symbol 


HB56A49B/GB/BR/GBR/A/AR/AT/ATR 


Unit 


Test Condition 




Parameter 


-6A 


-7A 


-8/-8A 


-10/-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating 
Current 


Jcci 


- 


990 


- 


900 


- 


810 


- 


720 


mA 


t RC = Min 


1,2 


Standby 


!CC2 


- 


18 


- 


18 


- 


18 


- 


18 


mA 


TTL Interface 
RAS, CAS = V IH 

D out = High-Z 




Current 


- 


9 


- 


9 


- 


9 


- 


9 


mA 


CMOS Interface 

RAS, CAS > V cc - 0.2V 

D out = High-Z 




RAS Only 
Refresh Current 


!CC3 


- 


990 


- 


900 


- 


810 


- 


720 


mA 


t RC = Min 


2 


Standby 
Current 


Jccs 


- 


45 


- 


45 


- 


45 


- 


45 


mA 


RAS = V IH 
CAS = V IL 

D out = Enable 


• 


CAS Before 
RAS Refresh 
Current 


ICC6 


- 


990 


- 


900 


- 


810 


- 


720 


mA 


t RC = Min 




Page Mode 
Current 


!CC7 


- 


990 


- 


900 


- 


810 


- 


720 


mA 


tpc = Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V IN < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


/xA 


0V < V out < 7V 
D out = Disable 




Output High 
Voltage 


V H 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 


lout = - 5 mA 




Output Low 
Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 


V 


lout - 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice m ax is specified at the output open condition. 

2. Address can be changed less than three ti mes wh ile RAS = Vjl- 

3. Address can be changed once or less while CAS = Vjh- 
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HB56A49 Series 



• Capacitance (T A = 25°C, V C c = 5V ±10%) 





Symbol 


HB56A49 


Unit 




Parameter 


BR/GBR/AR/ATR 


A/AT/B/GB 


Note 




Typ 


Max 


Typ 


Max 




Input Capacitance (Address) 


Cn 


— 


60 


— 


70 


pF 




Input Capacitance (Clock) 


C12 


— 


75 


— 


88 


pF 




Input Capacitance (PCAS) 


Cl3 


— 


12 


— 


20 


pF 




Input/Output Capacitance (DQo_7) 


Cl/O 


— 


17 


- 


30 


pF 


1,2 


Input Capacitance (PD) 


C I4 


— 


10 


— 


20 


pF 




Output Capacitance (PQ) 


Co 


— 


12 


— 


20 


pF 


1,2 



Notes: 1 . Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 

• AC Characteristics (T A = to + 70°C, V C c = 5V ±10%, V S s = 0V)L 12 > 15 
Read, Write and Refresh Cycle (Common Parameters) 





Symbol 


HB56A49B/GB/BR/GBR/A/AR/AT/ATR 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Ramdon Read or 
Write Cycle Time 


tRC 


110 


- 


130 


- 


150 


- 


180 


- 


150 


- 


180 


- 


ns 




RAS Precharge Time 


tRP 


40 


— 


50 


— 


60 


— 


70 


— 


60 


— 


70 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


15 


10000 


20 


10000 


20 


10000 


25 


10000 


20 


10000 


25 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


10 


— 


15 


— 


10 


— 


15 


— 


ns 




Column Address 
Setup Time 


tASC 





- 





- 





- 





- 





- 





- 


ns 




Column Address 
Hold Time 


tCAH 


15 


- 


15 


- 


15 


- 


20 


- 


15 


- 


20 


- 


ns 




RAS to CAS Delay Time 


tRCD 


20 


50 


20 


50 


20 


60 


25 


75 


20 


60 


25 


75 


ns 


8 


RAS to Column Address 
Delay Time 


tRAD 


15 


35 


15 


35 


15 


40 


20 


55 


15 


40 


20 


55 


ns 


9 


RAS Hold Time 


tRSH 


15 


— 


20 


— 


20 


— 


25 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


tCSH 


60 


— 


70 


— 


80 


— 


100 


— 


80 


— 


100 


— 


ns 




CAS to RAS 

Precharge Time 


tCRP 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Transition Time 
(Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


— 


16 


— 


16 


— 


16 


ms 


17 




Read Cycle 





Symbol 


HB56A49B/GB/BR/GBR/A/AR/AT/ATR 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


— 


80 


— 


100 


ns 


2, 3, 16 


Access Time from CAS 


tCAC 


— 


15 


— 


20 


— 


20 


— 


25 


— 


25 


— 


25 


ns 


3, 4, 14 


Access Time from Address 


*AA 


— 


30 


— 


35 


— 


40 


— 


45 


— 


40 


— 


45 


ns 


3, 5, 14, 16 


Read Command 
Setup Time 


tRCS 





- 





- 





- 





- 





- 





- 


ns 
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HB56A49 Series 



Read Cycle (continued) 





Symbol 


HB56A49B/GB/BR/GBR/A/AR/AT/ATR 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Read Command 
Hold Time to CAS 


tRCH 





- 





- 





- 





- 





- 





- 


ns 




Read Command 
Hold Time to RAS 


tRRH 





- 





- 





- 





- 


10 


- 


10 


- 


ns 




Column Address 
to RAS Lead Time 


tRAL 


30 


- 


35 


- 


40 


- 


45 


- 


40 


- 


45 


- 


ns 




Output Buffer 
Turn-off Time 


tQFF 





15 





20 





20 





25 





20 





25 


ns 


6 



Write Cycle 





Symbol 


HB56A49B/GB/BR/GBR/A/AR/AT/ATR 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Write Command 
Setup Time 


twcs 





- 





- 





- 





- 





- 





- 


ns 


10 


Write Command 
Hold Time 


*WCH 


15 


- 


15 


- 


15 


- 


20 


- 


15 


- 


20 


- 


ns 




Write Command 
Pulse Width 


t WP 


10 


- 


10 


- 


10 


- 


20 


- 


15 


- 


20 


- 


ns 




Write Command 
to RAS Lead Time 


tRWL 


15 


- 


20 


- 


20 


- 


25 


- 


25 


- 


25 


- 


ns 




Write Command 
to CAS Lead Time 


tcWL 


15 


- 


20 


- 


20 


- 


25 


- 


25 


- 


25 


- 


ns 




Data-in Setup Time 


tos 





— 





— 





— 





— 





— 





— 


ns 


11 


Data-in Hold Time 


tDH 


15 


— 


15 


— 


15 


— 


20 


— 


15 


— 


20 


— 


ns 


11 



Refresh Cycle 


































Symbol 


HB56A49B/GB/BR/GBR/A/AR/AT/ATR 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


10 


- 


10 


- 


10 


- 


10 


- 


20 


- 


20 


- 


ns 




RAS Precharge to CAS 
Hold Time 


tRPC 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 
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HB56A49 Series 



Fast Page Mode Cycle 





Symbol 


HB56A49B/GB/BR/GBR/A/AR/AT/ATR 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Fast Page Mode Cycle Time 


tpc 


40 


— 


45 


— 


50 


— 


55 


— 


55 


— 


55 


— 


ns 




Fast Page Mode 
CAS Precharge Time 


tcp 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Fast Page Mode 
RAS Pulse Width 


tRASC 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


ns 


13 


Access Time from 
CAS Precharge 


*ACP 


- 


35 


- 


40 


- 


45 


- 


50 


- 


50 


- 


50 


ns 


14,16 


RAS Hold Time from 
CAS Precharge 


tRHCP 


35 


- 


40 


- 


45 


- 


50 


- 


50 


- 


50 


- 


ns 




Test Mode Cycle 




Symbol 


HB56A49B/GB/BR/GBR/A/AR/AT/ATR 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Test Mode WE Setup Time 


tws 





— 





— 





— 





— 





— 





— 


ns 




Test Mode WE Hold Time 


*WH 


10 


— 


10 


— 


10 


— 


10 


— 


20 


— 


20 


— 


ns 





Notes: 1. 
2. 

3. 
4. 
5. 
6. 



10. 
11. 
12. 

13. 
14. 
15. 



AC measurements assume tj = 5 ns. 

Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max). If tRCD or *RAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 

Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

Assumes that t RC D ^ t RC D (max), t RA D ^ tRAD (max). 

Assumes that t RC D ^ * RC d (max), tRAD ^ tRAD (max). 

toFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 

Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between Vjh and Vjl. 

Operation with the Ircd (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD i s greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

Early write cycle only (t\ycs - tw cs (m in)). 

These parameters are referenced to CAS leading edge in an early write cycle. 

An initial pause of 100 jus is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RA S cloc k such as RAS only refresh). 

tRASC i s determined by RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of tAA or tcAC or tcAP- 

Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits . . . RA10, CA10 and 

CAO. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 

mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 

accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 

the output data is low level. Data out put p in is D out a nd data input pin is Di n . In order to end this test mode operation, 

perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

In a test mode read cycle, the value of tRAC> tAA anc * tACP * s delayed for 2 ns to 5 ns for the specified value. These 

parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

tREF i s determined by 1,024 refresh cycles. 
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HB56A49 Series 



■ TIMING WAVEFORM 
• Read Cycle 



RAS 



"\ 



tT 



CAS 



tASR . 



Address 




WE 



Dout 



Din 



tRC 



"\_ 



tRAS 



tRCD 



tCSH 



~X 



|tRAH 
tASC 



Row 




\. 



tRAD 




tRCS 



tRSH 



tCAS 



JT 



I 



Column 



tCAH 
tRAL 



< ' CAC > 



tAA 



tRAC 



tRP 



tCRP 



itRRH 



tRCH 




tOFF 



_r 



"L 



Valid 
Output 



\ 



High-Z 



: Don't care 
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HB56A49 Series 



• Early Write Cycle 



RAS 



"\ 



tT , 



CAS 



tASR. 



Address 




WE 



Dout 



Din 



tRC 



tRAS 



1 



tRCD 



It RAH 
tASC 



Row 



\ 



tRAD 




tRSH 



tCSH 



'■< — ^ — ► 



t 



Column 



twcs k 



tDS 



tCAH 
tRAL 



tRP 



Jt^ 



tWP 




tDH 



High-Z 



: Don't care 



tCRP 
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HB56A49 Series 



> RAS Only Refresh Cycle 



RAS 



\ 



tCRP 



CAS 




tASR 



Address 



Dout 




tRC 



tRAS 



JT 



-C 



/ 



LRP 



ItRPC 



V 




<-+> 



ItRAH 



Row 

"K t 




High-Z 



1 WE : Don't care 

2 \Z40i : Don't care 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 




1 Address, Din : Don't care 

2 Dout: High-Z 

3 j^gj : Don't care 

4 WE =VIH 
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HB56A49 Series 



• Hidden Refresh Cycle 



i- 



RAS 



\ 



CAS 



tASR 



Address \ 



tRC 



"t. 



tRAH 



< , tRAS ► 



(Read) 



1 RSH , 



< tRCD > 



i. 



\ 



^RAJD_ 

-4- 



Row 



tRCS 



WE 




Jr 



i-A-f 



, *RAC 



, t RP . 



r^ 



4 t RAS 



(Refresh) 



TL 



/ 



*ASC 



^CAH^ 



Column 



Dout 



, *CAC 



*aa 



4: 



tCAS 



4 tRA$ ► 

(Refresh) 



kHR 



-#- 



Dout 
#— 



: Don't care 




, tR P i 



<-*> 



tRCH 



"tRRH 




^ 
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HB56A49 Series 



• Fast Page Mode Read Cycle 



RAS 



\ 



tT 



CAS 



tASR, 



Address 



tRASC 



tCSH 



tRCD 



i- 



4 tRAD » 



Row 



WE 



Dout 



Din 



tASC 




XWv 



tRCS 



"\ t 



^CAS^ 



X ^- 



/ 



Column 1 




tRCH 



\ 



+m+ 



tASC 




tPC 



<^i> 



/ 



Column 2 



^-i 



7P 



tRCS tRCH 



tACP 



^JOFF^ 



tRHCP 



./ 



tASC 




. tRSH 



tCAS 



tRAL 



4^ 



Column N 



tRCS 



x — H 



tRP 



/ 



tACP 



, tOFF 



;-Valid -r 7-Valid -r l' Valid -r 

3-Outputl -I ^-Output 2 J- \. Output N _T 



tCRP 




tRRH 




^tOFF^ 



_r 



High-Z 



: Don't care 
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HB56A49 Series 



• Fast Page Mode Early Write Cycle 



RAS 



CAS 



tASR 



Address 



~<L 



tRASC 



tCSH 



tRCD 



ft 



< tRAD » 



Row 



WE 



Dout 



Din 



tASC 




twcs . 




^U 



r~\ 



Column 1 



i- 



tDS. 




tWCH 

twp 



JT 



tCP 



tASC 




twcs 




tPC 



"\ T 



. tCAS , 



\. I 



Column 2 



A 



Valid 
Input 1 



tos. 




T 



tWCH 



^ 




twcs 



tWP 




„ tCAS 



T 



tRP 



"l 



<-+ 



tCRP 



-L 



» 



Column N 



tDH 



Valid 
Input 2 



tDS. 




T 



tWCH 
tWP 




tDH 



Valid 
Input N 




High-Z 



: Don't care 
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HB56A49 Series 



• TEST MODE CYCLE 



RAS 



CAS 



WE 




Set Cycle Test Modo Cycle 








-f- 



1,3 
Reset Cycle 






Normal 
mode 




1 CBR or RAS only refresh 
2 



: Don't care 



3 Address , Din: Don't care 



• Test Mode Set Cycle 



RAS 



J 



*RAS 



"\ 



CAS 



WE 



Address 



Dout 



\ 



<— &B ► 



tws 



<—*■ 



Jbl. 



< tRAS > 



Jt 



.C 



I 



, kHR , 



*RP 



tRPC 




kRP 



_r 



twH 




OPEN 



1 £^| : Don't care 
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HB56A49 Series 



• Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 



RAS 



CAS 



WE 



Address 



Dout 






tRPC 



i- 



\. 



m> 



\ 



tws 




tRC 



< tRAS > 



.C 



/ 



t m 



tRP 



\. 



tgP^ JCSJ, 



Wmmfflk 



twH twS 



*W 



tRC 



< tRAS ► 



JT 



f 



tRP 



kHR 



t\/VH 



OPEN 



: Don't care 



RAS Only Refresh Cycle 



RAS 



CAS 



"\ 



*CRP 



Address 



Dout 





tRC 



"NL. 



tRAS 



JT 



tRP 



tRPC 




tRAH 



tASR 



Row 



~K_ 



JT 




OPEN 



1 



: Don't care 



W//M/< 



2 Refresh address : A0- A9(AX0- AX9) 
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HB56D25632 Series 

262, 144- Word x 32-Bit High Density Dynamic RAM Module 

■ DESCRIPTION I 

The HB56D25632B is a 256k x 32 dynamic RAM module, 
mounted 8 pieces of 1 Mbit DRAM (HM514256JP) sealed in 
SOJ package. An outline of the HB56D25632B is 72-pin sin- 
gle in-line package. Therefore, the HB56D25632B makes 
high density mounting possible without surface mount tech- 
nology. The HB56D25632B provides common data inputs 
and outputs. Decoupling capacitors are mounted beneath 
each SOJ. 

■ FEATURES 

• 72-pin Single In-line Package 

Lead Pitch 1 .27mm 

• Single 5V (±5%) Supply 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns/ 

120 ns (max) 

• Low Power Dissipation 

Active Mode 3.78W/3.36W/2.772W/ 

2.31 W/1.974W (max) 
Standby Mode 84 mW (max) 

• Fast Page Mode Capability 

• 512 Refresh Cycle/8 ms 

• 2 V ariatio ns of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

• TTL Compatible 



■ ORDERING INFORMATION 




Part No. 


Access Time 


Package 


HB56D25632B-6A 


60 ns 




HB56D25632B-7A 


70 ns 


72-pin SIP 
Socket Type 


HB56D25632B-8A 


80 ns 


HB56D25632B-10A 


100 ns 




HB56D25632B-12A 


120 ns 





PIN OUT 



HB56D25632B Series 



00" 



~M 



lpin 



00" 



36 pin 37 pin 



72 pin 



Pin 

No. 


Pin 
Name 


Pin 

No. 


Pin 
Name 


Pin 

No. 


Pin 
Name 


Pin 

No. 


Pin 
Name 


1 


v ss 


19 


NC 


37 


NC 


55 


DQ11 


2 


DQO 


20 


DQ4 


38 


NC 


56 


DQ27 


3 


DQ16 


21 


DQ20 


39 


Vss 


57 


DQ12 


4 


DQ1 


22 


DQ5 


40 


CAS0 


58 


DQ28 


5 


DQ17 


23 


DQ21 


41 


CAS2 


59 


v C c 


6 


DQ2 


24 


DQ6 


42 


CAS3 


60 


DQ29 


7 


DQ18 


25 


DQ22 


43 


CAST 


61 


DQ13 


8 


DQ3 


26 


DQ7 


44 


RAS0 


62 


DQ30 


9 


DQ19 


27 


DQ23 


45 


NC 


63 


DQ14 


10 


v C c 


28 


A7 


46 


NC 


64 


DQ31 


11 


NC 


29 


NC 


47 


WE 


65 


DQ15 


12 


AO 


30 


Vcc 


48 


NC 


66 


NC 


13 


Al 


31 


A8 


49 


DQ8 


67 


v S s 


14 


A2 


32 


NC 


50 


DQ24 


68 


NC 


15 


A3 


33 


NC 


51 


DQ9 


69 


T.B.D. 


16 


A4 


34 


RAS2 


52 


DQ25 


70 


T.B.D. 


17 


A5 


35 


NC 


53 


DQ10 


71 


NC 


18 


A6 


36 


NC 


54 


DQ26 


72 


v S s 



PIN DESCRIPTION 



Pin Name 


Function 


Ao-A 8 


Address Input 


Ao-A 8 


Refresh Address Input 


DQ0-DQ31 


Data-in/Data-out 


CAS0-CAS3 


Column Address Strobe 


RAS0-RAS2 


Row Address Strobe 


WE 


Read/Write Enable 


Vcc 


Power ( + 5V) 


v S s 


Ground 


NC 


No Connection 
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HB56D25632 Series 



BLOCK DIAGRAM 



£aso«- 

DQO *- 
DQ1 *- 
D02 •- 



OQ3 ♦- 



OQ4 •- 
DQ5 *- 
DQ6 •- 
OQ7 »- 



CS5T*- 



008 •- 
DQ9 ♦- 
OQ10*- 
OQH»- 



0Q12»- 
0Ql3t- 

ooi4«- 

0Q15«- 



00 16*- 
0Q17«- 
0Q18«- 
DQ19*- 



0020*- 
0021*- 
DQ22«- 
0023«- 



csn»- 



D024«- 
OQ25«- 
00264- 
DQ27#- 



OQ28*- 
OQ29*- 
DQ30#- 
0Q31*- 



W, 



1/01 CaT SaT 

I/02 

i/03 00 

& 4 



w. 



J- 



j/oica? SaT 

1/02 

1/03 02 



^fe 



ZL 



i/oi CaT RaT 

1/02 

1/03 04 



?*fe 



i — r 



uoiCaT raT 

1/02 

1/03 06 

& 4 



^ 



1/01 cat act 

1/02 

I/03 01 

Iffl4 



?£P 



J~ 



X 



i/Oi CaT SaT 

1/02 

1/03 03 

& 4 



?fe , 



i/oi CaT «aT 

1/02 

1/03 05 

a? 



^fe 



i/oiCaT raT 

1/02 

IA)3 D7 



a? 



D0-D7 .HM514256 



A0-A8 •- 

AT •- 
vcc ♦- 
Vis «- 



-►DO-07 
-►00-07 

-►D0-D7 



^=C0~C7 
* • ►D0-D7 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



789 



HB56D25632 Series 



PHYSICAL OUTLINE 



Unit: 



inch 




Detail A 



0.J00 



A 



'<2Z&ttk. 



4 



B.2SmiL 
0.810 



no.05 typ / 



Note: The plating of the contact 
finger is gold. 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin 


(Input) 


Vi„ 


-1.0 to +7.0 


V 


Relative to V§s 


(Output) 


V ut 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§s 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


w 


50 


mA 


Power Dissipation 


P T 


8 


W 


Operating Temperature 


Topr 


Oto +70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

♦ Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




Vcc 


4.75 


5.0 


5.25 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


VlL 


-1.0 


— 


0.8 


V 


1 



Note 1. All voltage referenced to Vgs- 
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HB56D25632 Series 



• DC Electrical Characteristics (T A 


= to + 70°C, V C c = 5V ±5°/< 


>. Vss 


= 0V) 












Symbol 


-6A 


-7A 


-8A 


-10A 


-12A 


Unit 


Test Condition 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating Current 


Jcci 


— 


720 


— 


640 


— 


528 


— 


440 


— 


376 


mA 


tRC = Min 


1,2 


Standby Current 


!cC2 


- 


16 


- 


16 


- 


16 


- 


16 


- 


16 


mA 


TTL Interface 
RAS, CAS = V IH 
D out = High-Z 




- 


8 


- 


8 


- 


8 


- 


8 


- 


8 


mA 


CMOS Interface 

RAS, CAS > V cc - 0.2V 

Dout = High-Z 




RAS Only 

Refresh Current 


!CC3 


- 


720 


- 


640 


- 


528 


- 


440 


- 


376 


mA 


tRc = Min 


2 


Standby Current 


!CC5 


- 


40 


- 


40 


- 


40 


- 


40 


- 


40 


mA 


RAS = V IH 
CAS = V IL 
D ut = Enable 


1 


CAS Before RAS 

Refresh Current 


!CC6 


- 


720 


- 


640 


- 


528 


- 


440 


- 


376 


mA 


t R c = Min 




Page Mode 
Current 


!CC7 


- 


720 


- 


640 


- 


440 


- 


440 


- 


376 


mA 


tpc = Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


jaA 


0V < V in £ 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


u-A 


0V < V out * 7V 
Dout = Disable 




Output High 
Voltage 


V H 


2.4 


v C c 


2.4 


Vcc 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


High I ou t = -5mA 




Output Low 
Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 





0.4 


V 


LowI ou t = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed less than three ti mes wh ile RAS = Vjl. 

3. Address can be changed once or less while CAS = Vjh- 

• Capacitance (T A = 25°C, V C c = 5V ±5%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


68 


pF 


1 


Input Capacitance (WE) 


C12 


— 


76 


pF 


1 


Input Capacitance (RAS) 


Cl3 


— 


43 


pF 


1 


Input Capacitance (CAS) 


Cl4 


— 


29 


pF 


1 


Output Capacitance (DQ0-DQ31) 


Cl/o 


— 


17 


pF 


1,2 



Notes: 



1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = V IH to disable D out . 



• AC Characteristics (T A = to +70°C, V C c = 5V ±5%, V S s = 0V) 1 - 12 
Read, Write and Refresh Cycle (Common Parameters) 






Symbol 


-6A 


-7A 


-8A 


-10A 


-12A 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Random Read or Write Cycle Time 


tRC 


125 


— 


140 


— 


160 


— 


190 


— 


220 


— 


ns 




RAS Precharge Time 


*RP 


55 


— 


60 


— 


70 


— 


80 


— 


90 


— 


ns 




RAS Pulse Width 


*RAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


20 


10000 


20 


10000 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


12 


— 


15 


— 


15 


- 


ns 
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HB56D25632 Series 



Read, Write and Refresh Cycle 


(Common Parameters) (continued) 
















Parameter 


Symbol 


-6A 


-7A 


-8A 


-10A 


-12A 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Column Address Setup Time 


*ASC 





— 





— 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


40 


20 


50 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


30 


15 


35 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


*RSH 


20 


— 


20 


— 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


*CSH 


60 


— 


70 


— 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


8 


— 


8 


— 


8 


— 


8 


— 


8 


ns 


15 



Read Cycle 



Parameter 


Symbol 


-6A 


-7A 


-8A 


-10A 


-12A 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


— 


120 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


20 


— 


20 


— 


25 


— 


25 


— 


30 


ns 


3,4 


Access Time from Address 


Ua 


— 


30 


— 


35 


— 


40 


— 


45 


— 


55 


ns 


3,5 


Read Command Setup Time 


tRCS 





— 





— 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


tRAL 


30 


— 


35 


— 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tQFF 


— 


20 


— 


20 


— 


20 


— 


25 


— 


30 


ns 


6 



Write Cycle 



Parameter 


Symbol 


-6A 


-7A 


-8A 


-10A 


-12A 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Write Command Setup Time 


twcs 





— 





— 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


15 


— 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


twp 


10 


— 


10 


— 


15 


— 


15 


— 


20 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


15 


— 


20 


— 


20 


— 


25 


— 


ns 


11 



Refresh Cycle 




























Parameter 


Symbol 


-6A 


-7A 


-8A 


-10A 


-12A 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tCSR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


10 


— 


10 


— 


ns 
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HB56D25632 Series 



Fast Page Mode Cycle 





Symbol 


-6A 


-7A 


-8A 


-10A 


-12A 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Fast Page Mode Cycle Time 


tpc 


45 


— 


50 


— 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode 
CAS Precharge Time 


*CP 


10 


- 


10 


- 


10 


- 


15 


- 


20 


- 


ns 




Fast Page Mode 
RAS Pulse Width 


tRASC 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


ns 


12 


Access Time from 
CAS Precharge 


*ACP 


- 


40 


- 


45 


- 


50 


- 


50 


- 


60 


ns 


13 


RAS Hold Time from 
CAS Precharge 


tRHCP 


40 


- 


45 


- 


50 


- 


50 


- 


60 


- 


ns 





Notes: 1. AC measurements assume tj — 5 ns. 

2. Assumes that tRCD ^ tRCD ( max ) an d tRAD ^ *RAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that t RCD > t RC D (max), t RA D ^ tRAD (max). 

5. Assumes that t RC D ^ t RC D (max), tRAD ^ *RAT> (max). 

6. tQFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vju and Vjl. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAO 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. Early write cycle only Owes - twes (min)). 

11. These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of 100 jlis is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 

13. tRASC is determined by RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or tCAC or tACP- 
15- tREF is determined by 512 refresh cycles. 
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HB56D25632 Series 



■ TIMING WAVEFORM 
• Read Cycle 



RAS 



\ 



CAS 



tASR, 



Address 




WE 



Dout 



Din 



tRC 



tRAS 



1 



tRCD 



tCSH 



«*-* 



ItRAH 
tASC k 



Row 




tRAO 




tRCS 



tRSK 



tCAS 

< — ► 



I ¥ 



Column 



tCAH 
tRAL 



4 «* » 



tAA 



tRAC 



tRP 



tCRP 



tRRH 



Ah 



4 WF » 



/ Valid *r 

:» Output 7 i 



High-Z 



: Don't care 



Y 
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HB56D25632 Series 



■ Early Write Cycle 



RAS 



\ 



XT . 



CAS 



tASR. 



Address 




WE 



Din 



Dout 



tRC 



tRAS 



I 



+ — 22 — - 



<-* 



|tRAH 
tASC 



\ 



Row 



tRAO 




tRSH 



tCSH 



« 2* ► 



/ 



-4— > 



Column 



twes. 



tOHR 



tos 



tCAH 
tRAl 



tRP 



tCRP 



» 



tWP 



High-Z 



: Don't care 



\ 
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HB56D25632 Series 



• RAS Only Refresh Cycle 



RAS 



\ 



tCRP 



caJ 




«— * 



tASR v 



Address 



Dout 



tRC 



tRAS 



/ 



« t2E H 



ItRPC 



\ 




IRAK 




HigfvZ 



1 WE : Don't care 

2 E5S3 : Don't care 



• CAS Before RAS Refresh Cycle 



RAS 



tRPC 



< — ► 



CA? 



\ 



4 tOW > 



tRC 



\ 



N 2« ► 



«-£«-* 



/ \ 



tRP 



*H£^ 




1 Address, Din, W? : Don't cart 

2 Dout:High-Z 

3 £5223 : Don't care 
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HB56D25632 Series 



• Fast Page Mode Read Cycle 



RAS 




tT 



ca5 



USR 



Address 



tRASC 



tCSH 



« — 22 — ► 



I 



< tRAD » l 



^u 



Row 



WE 



Dout 



Din 



use 




tRCS 



tCAS 



4CAH, 



Column 1 




tRCH 



tRAC 



tCP 



tASC 




tPC 



#Tw^ 



tCAS 
4 ► 



Column 2 



tRCS tRCH 



UCP 



+22-+ 



r Valid -c vValid -c ; 

:>. Output 1 -£ :. Output 2 ,l ! 



tRHCP 



A\ 



\ 



tASC 




^ tCAS 



tRAL 



jCAH, 



Column N 



tRCS 



<Ah 



«-> 



/ 



tACP 



«-£!!_* 



High-Z 



: Don't care 



tCRP 




tRRH 




tOFF 



Valid 
Output N 



> 
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HB56D25632 Series 

• Fast Page Mode Early Write Cycle 



tRASC 



RAS 



\ 



tT 



CAS 



tASR, 



Address 



tCSH 



< ^2 H 



iur\-y\_j c 



4 tRAD » 



"}. 



Row 



WE 



Din 



Oout 



tASC 




twcs , 



tCAS 



tCAH 



Column 1 



4WOVI 

tWP 



tCP 



use 




twcs 



tPC 



. tCAS, 



4CAH„ 



Column 2 




tASC 




two 



« 



tWP 



^ tCAS 



.1 



tRP 



Column N 



twp 



High-Z 



: Don't cart 



tCRP 
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HB56D51232 Series 

524,288-Word x 32-Bit High Density Dynamic RAM Module 

■ DESCRIPTION ■ 

The HB56D51232SB is a 512k x 32 dynamic RAM mod- 
ule, mounted 16 pieces of 1 Mbit DRAM (HM514256JP) 
sealed in SOJ package. An outline of the HB56D51232SB is 
72-pin single in-line package. Therefore, the HB56D51232SB 
makes high density mounting possible without surface mount 
technology. The HB56D51232SB provides common data 
inputs and outputs. 

Decoupling capacitors are mounted beneath each SOJ 
but only on the one side of its module board. 

■ FEATURES 

• 72-pin Single In-line Package 

Lead Pitch 1 .27mm 

• Single 5V (±5%) Supply 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns/ 

1 20 ns (max) 

• Low Power Dissipation 

Active Mode 3.95W/3.57W/2.982W/2.52W/ 

2.184W(max) 
Standby Mode 168 mW (max) 

• Fast Page Capability 

• 512 Refresh Cycles/8 ms 

• 2 V ariatio ns of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

• TTL Compatible 



■ ORDERING INFORMATION 




Part No. 


Access Time 


Package 


HB56D51232SB-6A 


60 ns 




HB56D51232SB-7A 


70 ns 




HB56D51232SB-8A 


80 ns 


72-pin SIP 
Socket Type 


HB56D51232SB-10A 


100 ns 


HB56D51232SB-12A 


120 ns 





PIN OUT 



c 











ID " QI 


r^V 


10 D[ 















1 pin 



36 pin 37 pin 



PIN DESCRIPTION 



72 pin 

0097-1 



Pin 

No. 


Pin 
Name 


Pin 

No. 


Pin 
Name 


Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 
Name 


1 


v S s 


19 


NC 


37 


NC 


55 


DQn 


2 


DQo 


20 


DQ 4 


38 


NC 


56 


DQ 27 


3 


DQi6 


21 


DQ20 


39 


v S s 


57 


DQ12 


4 


DQi 


22 


DQ 5 


40 


CAS0 


58 


DQ28 


5 


DQl7 


23 


DQ21 


41 


CAS2 


59 


v C c 


6 


DQ 2 


24 


DQ 6 


42 


CAS3 


60 


DQ 29 


7 


DQl8 


25 


DQ22 


43 


CAST 


61 


DQl3 


8 


DQ 3 


26 


DQ 7 


44 


RAS0 


62 


DQ30 


9 


DQl9 


27 


DQ23 


45 


RASl 


63 


DQ14 


10 


v C c 


28 


A 7 


46 


NC 


64 


DQ31 


11 


NC 


29 


NC 


47 


WE 


65 


DQ15 


12 


Ao 


30 


v C c 


48 


NC 


66 


NC 


13 


Ai 


31 


A 8 


49 


DQ 8 


67 


NC 


14 


A 2 


32 


NC 


50 


DQ 24 


68 


v S s 


15 


A 3 


33 


RAS3 


51 


DQ 9 


69 


PD1 


16 


A 4 


34 


RAS2 


52 


DQ25 


70 


PD2 


17 


A 5 


35 


NC 


53 


DQ10 


71 


NC 


18 


A 6 


36 


NC 


54 


DQ26 


72 


v S s 



Pin Name 


Function 


Ao-A 8 


Address Input 


Ao-A 8 


Refresh Address Input 


DQ0-DQ31 


Data-in/Data-out 


CAS0-CAS3 


Column Address Strobe 


RAS0-RAS3 


Row Address Strobe 


WE 


Read/Write Enable 


v C c 


Power Supply ( + 5V) 


Vss 


Ground 


NC 


No Connection 




PRESENCE DETECT PINOUT 



Pin No. 


Pin 

Name 


HB56D51232SB 


60 ns 


70 ns 


80 ns 


100 ns 


120 ns 


69 


PD1 


NC 


Vss 


NC 


v S s 


NC 


70 


PD2 


NC 


NC 


Vss 


v S s 


NC 
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HB56D51232 Series - 
■ BLOCK DIAGRAM 



RASO*- 
CAS0»- 



DQO •- 
D01 ♦- 
OQ2 •- 
DQ3 ♦- 



DQ4 ♦- 

D05 •- 
DQ6 •- 
DQ7 ♦- 



CAS1 •- 

DQ8 *- 
DQ9 •- 
DQ10»- 
DQ11«- 



DQ12*- 
DQ13*- 
DQ14#- 
DQ15»- 



RAS2 •- 
CAS2*- 



DQ16*- 
DQ17»- 
DQ18«- 
DQ19*- 



DQ20*- 
DQ21*- 
DQ22#- 
DQ23*- 



DQ24«- 
DQ25»- 
DQ26*- 
DQ27»- 



DQ28*- 
DQ29*- 
DQ30*- 
DQ31»- 



* D0~*D15:HM514256 



W/. r 



1/01 CAS RAS 

1/02 

1/03 DO 

1/04 

OE 



w, 



I 1 



1/01 CAS RAS 

I/02 

1/03 D3 

!ZQJ 

OE 



^T: 



1/01 CAS RAS 

1/02 

1/03 D4 

i£4 

OE 



2% 



J_ 



1/01 CAS RAS 

1/02 

1/03 D7 

W4 

OE 



?fe 



It 



1/01 CAS RAS 

1/02 

1/03 08 

OE 



sF 



T" 



1/01 CAS RAS 

1/02 

1/03 D11 

OE 



^ 



m 



1/01 CAS RAS 

1/02 

1/03 012 

!>Q4 

OE 



^ 



1/01 CAS RAS 

1/02 

1/03 D15 

1/04 

OE 



A0-A8 ♦- 

wf •- 
Vcc •- 
Vss ♦- 



-^O0-D15 



W, 



1/01 CAS 

1/02 

1/03 D1 

!/04 

OE 



RAS 



^fe 



1/01 CAS RAS 

1/02 

1/03 D2 

1ZQ4 

OE 



%£ 



1/01 CAS RAS 

1/02 

1/03 D5 

!£4 

OE 



W7, 



1/01 CAS RAS 

1/02 

1/03 06 

!4J4 

OE 



?fe 



X 



1/01 CAS RAS 

1/02 

1/03 D9 

l£04 

OE 



X 



I/OKAS RAS 

1/02 

1/03 D10 

J/Q4 

OE 



W?. 



1/01 CAS RAS 

1/02 

1/03 D13 

1ZQ4 

OE 



2?* 



1 I 



1/01 CAS RAS 

I/02 

1/03 014 

1/04 

OE 



►DO-07 

— r ►DO-015 

4=C0~C7 
—J ►DO-DIS 
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PACKAGE OUTLINE 



HB56D51232 Series 

Unit: mm/inch 



107.95 



2-0- 



R 062\ 




1.372 
'6"054 



(iiW') 




lOOiMBDDDDD^ 



W\ 0000 

B BB B 

a 8S si 
loom umi 




HF1 



oddd orj 

B B3 B 
B SB B 

If am am 



Detail A 






2 5iMln. 
100 


r 


J6\ 


Y 25max 


t Q7m 


ax w. 




4- ooio 


042 ^ "* 



Note: Contact finish 2.2 jam (86.6 jainch) Solder over 2.0 jam (78.7 jminch) Ni. 



ABSOLUTE MAXIMUM RATINGS 



I ELECTRICAL CHARACTERISTICS 

» Recommended DC Operating Conditions (Ta = to + 70°C) 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin 


(Input) 


V 


-1.0 to +7.0 


V 


Relative to Vgg 


(Output) 


Vjfct 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vgg 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


16 


W 


Operating Temperature 


Topr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 




Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.75 


5.0 


5.25 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


VlL 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgs- 
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HB56D51232 Series 



• DC Electrical Characteristics (T A = 


= Oto +70°C, V C c 


= 5V +5% 


v S s 


= 0V) 










Parameter 


Symbol 


-6A 


-7A 


-8A 


-10A 


-12A 


Unit 


Test Condition 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


!CC1 


— 


760 


— 


680 


— 


568 


— 


480 


— 


416 


mA 


tRc = min 


1,2 


Standby Current 


!CC2 


- 


32 


- 


32 


- 


32 


- 


32 


- 


32 


mA 


TTL Interface 
RAS, CAS = V m 
D out = High-Z 




- 


16 


- 


16 


- 


16 


- 


16 


- 


16 


mA 


CMOS Interface 

RAS, CAS > V cc - 0.2V 

D out = High-Z 




RAS Only 
Refresh Current 


!CC3 


- 


760 


- 


680 


- 


568 


- 


480 


- 


416 


mA 


tRc = min 


2 


Standby Current 


!CC5 


- 


80 


- 


80 


- 


80 


- 


80 


- 


80 


mA 


RAS = V m 
CAS = V IL 
D out = Enable 




CAS Before RAS 

Refresh Current 


!CC6 


- 


760 


- 


680 


- 


568 


- 


480 


- 


416 


mA 


tR C = min 




Page Mode Current 


!CC7 


— 


760 


— 


680 


— 


480 


— 


480 


— 


416 


mA 


tpc = min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V IN < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


jiiA 


0V < Vqut ^ 7V 
D out = Disable 




Output High Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


Vcc 


V 


High I out = - 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice max i s specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vtl- 

3. Address can be changed once or less while CAS = Vjh. 

• Capacitance (T A = 25°C, Vcc = 5V ±5%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Unit 


Input Capacitance (Address) 


Cn 


— 


121 


pF 


1 


Input Capacitance (WE) 


C12 


— 


137 


pF 


1 


Input Capacitance (RAS) 


Cl3 


— 


48 


pF 


1 


Input Capacitance (CAS) 


C14 


— 


48 


pF 


1 


Output Capacitance (DQ0-DQ31) 


Cl/O 


— 


17 


pF 


1,2 



Notes: 1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 

• AC Characteristics (T A = to +70°C, V C c = 5V ±5%, V S s = 0V)L 12 
Read, Write and Refresh Cycle (Common Parameters) 



Parameter 


Symbol 


- 


6A 




7A 




8A 


-10A 


-12A 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


125 


— 


140 


— 


160 


— 


190 


— 


220 


— 


ns 




RAS Precharge Time 


tRP 


55 


— 


60 


— 


70 


— 


80 


— 


90 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


20 


10000 


20 


10000 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


Use 





— 





— 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


20 


— 


20 


— 


25 


— 


ns 
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Read, Write and Refresh Cycle (Common Parameters) (continued) 



HB56D51232 Series 



Parameter 


Symbol 


-6A 


-7A 


-8A 


-10A 


-12A 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


RAS to CAS Delay Time 


tRCD 


20 


40 


20 


50 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


*RAD 


15 


30 


15 


35 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


20 


— 


20 


— 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tCSH 


60 


— 


70 


— 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


8 


— 


8 


— 


8 


— 


8 


— 


8 


ns 


15 



• Read Cycle 



Parameter 


Symbol 


-6A 


-7A 


-8A 


-10A 


-12A 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


— 


120 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


20 


— 


20 


— 


25 


— 


25 


— 


30 


ns 


3,4 


Access Time from Address 


*AA 


— 


30 


— 


35 


— 


40 


— 


45 


— 


55 


ns 


3,5 


Read Command Setup Time 


tRCS 





— 





— 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


tRAL 


30 


— 


35 


— 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-Off Time 


tOFF 


— 


20 


— 


20 


— 


20 


— 


25 


— 


30 


ns 


6 



► Write Cycle 



Parameter 


Symbol 


-6A 


-7A 


-8A 


-10A 


-12A 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


15 


— 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


twp 


10 


— 


10 


— 


15 


— 


15 


— 


20 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 





— 





— 


ns 


11 


Data-in Hold Time 


tDH 


15 


— 


15 


— 


20 


— 


20 


— 


25 


— 


ns 


11 



• Refresh Cycle 




























Parameter 


Symbol 


-6A 


-7A 


-8A 


-10A 


-12A 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


15 


- 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


10 


— 


10 


- 


ns 
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HB56D51232 Series 

• Fast Page Mode Cycle 



Parameter 


Symbol 


-6A 


-7A 


-8A 


-10A 


-12A 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


45 


— 


50 


— 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


*CP 


10 


— 


10 


— 


10 


— 


15 


— 


10 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


— 


100000 


— 


100000 


ns 


12 


Access Time from CAS Precharge 


tACP 


— 


40 


— 


45 


— 


50 


— 


50 


— 


60 


ns 


13 


RAS Hold Time from CAS Precharge 


tRHCP 


40 


— 


45 


— 


50 


— 


50 


— 


60 


— 


ns 





Notes: 1. AC measurements assume tx = 5 ns. 

2. Assumes that tRcD ^ tRCD (max) and tRAD ^ *RAD (max). If tRCD or tRAD * s g reater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that tRCD ^ tRCD (max) and tRAD - *RAD (max). 

5. Assumes that tRCD ^ *rcd ( max ) anc * tRAD ^ tRAD (max). 

6- toFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vjl- 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAO 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. Early write cycle only (twcs - t\vcs (min)). 

11. These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of 100 ju s is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 

13. tRASC is determined by RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or tcAC or tACP- 

15. tREF is determined by 512 refresh cycles. 
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HB56D51232 Series 



I TIMING WAVEFORMS 

• Read Cycle 



RAS 



"\ 



tT . 



CAS 



tASR. 



Address 




WE 



Dout 



Din 



tRC 



tRAS 



/ 



tRCD 



tCSH 



<-+ 



|tRAH 
tASC 



"\ 



Row 




tRAD 




.c 



tRCS 



tRSH 



« ^ * 



■<L 



r 



Column 



tCAH 
tRAL 



< tCAC > 



tAA 



tRAC 



_r 



tRP 



tCRP 



tRRH 



tR(!H 



«— ^ ► 



~<L 



Valid 
Output 



1. 



High-Z 



: Don't care 





HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



805 



HB56D51232 Series 
• Early Write Cycle 



RAS 



"\ 



tT . 



CAS 



tASR . 



Address 




WE 



Din 



Dout 



tRC 



_r 



tRAS 



J' 



7 



tRCD 



<-+> 



itRAH 
tASC 



^. 



Row 



"V. 



tRAD 



J 




tRSH 



tCSH 



< — ^ — ► 



\ / 



Column 



twcs k 



tOHR 



tDS 




tCAH 
tRAL 



tRP 



tCRP 



« 



tWP 




U>H 



Valid 
X Input 



High-Z 



: Don't care 
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HB56D51232 Series 



• RAS Only Refresh Cycle 



RAS 



\ 



tCRP 



CAS 




tASR 



Address 



Dout 



tRC 



tRAS 



T 



tRP 



ItRPC 



"V 




itRAH 




High-Z 



1 WE : Don't care 

2 B%# *• Don't care 



• CAS Before RAS Refresh Cycle 



RAS 



tRPC 



CAS 



A 



< tcSR > 



tRC 



"\ 



tRAS 



"L 



/ 



tRP 



tRPC , 




1 Address, Din, WE : Don't care 

2 Dout: High-Z 

3 K^l ' Don't care 
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HB56D51232 Series 

• Fast Page Mode Read Cycle 



RAS 



tT 



CAS 



tASR 



Address 



"\_ 



tRASC 



tCSH 



tRCD 



"X 



4 tRAD ► 
tRAI 



tASC 



Row 



WE 




Dout 



Din 




tRCS 



"V_ 



^JCAS^ 



X 



/ 



Column 1 



"Y 




J' y 



tRCH 



tCAC 
tAA 



tRAC 



\. 1 



tCP 



tAS< 



%> 




tPC 



, tCAS . 



tCAH 



Column 2 



"^ 



JT 



tRCS tRCH 



, tCAC . 



< tAA > 



tACP 



^tOFF^ 



Valid 
Output 1 



tRHCP 



./ 



\ 



tASC 




^ tCAS 



"\L 



tRAL 



Column N 



W 



jr 



tRCS 



tRP 



tCAC 
tAA , 



tACP 



<2Z-Y 



-r 7-Vahd -r 

1 _(1 ^.Output 2 Ji 



"K 



tCRP 




tRRH 




tOFF 



Valid -Jr 

Output N _K 



High-Z 



: Don't care 
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HB56D51232 Series 



• Fast Page Mode Early Write Cycle 



RAS 



\ 



CAS 



tASR 



Address 



~l_ 



tRASC 



tCSH 



tRCD 



i- 



\ 



< tRAD » 



Row 



Din 



Dout 



tASC 



JW"K 
twcs 




<™-+ 



1 



Column 1 



1. 



tDS. 




Jr 



"^. 



tCP 



tASC 




twcs 



tWP 




tPC 



^JtCAS^ 



r 



jr 



\ 



Column 2 



^. 



A 



Valid 
Input 1 



tDS^ 




T 



tASC 




twcs 



tWP 




♦SSL, 

. tCAS 



if 



/ 



<A- 



JT 



^CAH, 



Column N 



tDH 

A ► 



Valid 
Input 2 



tDS, 




tWCH 
tWP 



tDH 
A ► 



Valid 
Input N 



High-Z 



^g : Don't care 



tCRP 
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Part No. 


Access Time 


Package 


Contact Pad 


HB56D132BR-6A 


60 ns 


72-pin 
SIP Socket Type 




HB56D132BR-7A 


70 ns 




HB56D132BR-8A 


80 ns 


Gold 


HB56D132BR-10A 


100 ns 


HB56D132BR-8 


80 ns 




HB56D132BR-10 


100 ns 




HB56D132SBR-6A 


60 ns 


72-pin 
SIP Socket Type 




HB56D132SBR-7A 


70 ns 




HB56D132SBR-8A 


80 ns 


Solder 


HB56D132SBR-10A 


100 ns 


HB56D132SBR-8 


80 ns 




HB56D132SBR-10 


100 ns 





HB56D132 Series 

1,048,576-Word x 32-Bit High Density Dynamic RAM Module 

■ DESCRIPTION 

The HB56D132BR/SBR is a 1M x 32 dynamic RAM mod- 
ule, mounted 8 pieces of 4 Mbit DRAM (HM514400JP/AJ) 
sealed in SOJ package. An outline of the HB56D132BR/ 
SBR is 72-pin single in-line package. Therefore, the 
HB56D132BR/SBR makes high density mounting possible 
without surface mount technology. The HB56D132BR/SBR 
provides common data inputs and outputs. Decoupling ca- 
pacitors are mounted beneath each SOJ. 

■ FEATURES 

• 72-pin Single In-line Package 

Lead Pitch 1 .27mm 

• Single 5V (±5%) Supply 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns (max) 

• Low Power Dissipation 

Active Mode 4.62W/4.40W/3.96W/3.52W (max) 

Standby Mode 88 mW (max) 

• Fast Page Mode Capability 

• 1 ,024 Refresh Cycle (16 ms) 

• 2 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



PIN OUT 



O 

lpin 



36 pin 37 pin 



PIN DESCRIPTION 



72 pin 



Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 
Name 


Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 

Name 


1 


v S s 


19 


NC 


37 


NC 


55 


DQn 


2 


DQo 


20 


DQ 4 


38 


NC 


56 


DQ 27 


3 


DQi6 


21 


DQ 20 


39 


v S s 


57 


DQ12 


4 


DQi 


22 


DQ 5 


40 


CAS0 


58 


DQ 28 


5 


DQl7 


23 


DQ21 


41 


CAS2 


59 


v C c 


6 


DQ 2 


24 


DQ 6 


42 


CAS3 


60 


DQ 29 


7 


DQl8 


25 


DQ22 


43 


CAST 


61 


DQ13 


8 


DQ 3 


26 


DQ 7 


44 


RAS0 


62 


DQ30 


9 


E>Ql9 


27 


DQ23 


45 


NC 


63 


DQ 14 


10 


v C c 


28 


A 7 


46 


NC 


64 


DQ 31 


11 


NC 


29 


NC 


47 


WE 


65 


DQ15 


12 


A 


30 


v C c 


48 


NC 


66 


NC 


13 


Ai 


31 


A 8 


49 


DQ 8 


67 


v S s 


14 


A 2 


32 


A 9 


50 


DQ24 


68 


v S s 


15 


A 3 


33 


NC 


51 


DQ 9 


69 


NC 


16 


A 4 


34 


RAS2 


52 


DQ25 


70 


NC 


17 


A 5 


35 


NC 


53 


DQ10 


71 


NC 


18 


A 6 


36 


NC 


54 


DQ26 


72 


V S s 



Pin Name 


Function 


A0-A9 


Address Input 


A -A 9 


Refresh Address Input 


DQ0-DQ31 


Data-in/Data-out 


CAS0-CAS3 


Column Address Strobe 


RAS0-RAS2 


Row Address Strobe 


WE 


Read/Write Enable 


v C c 


Power Supply ( + 5V) 


v S s 


Ground 


PD1-PD4 


Presence Detect Pin 


NC 


No Connection 
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BLOCK DIAGRAM 



HB56D132 Series 



ra55 »- 



CASO*- 



DQO •- 
DQ1 •- 

DQ2 •- 
DQ3 ♦- 



DQ4 •- 
DQ5 •- 
DQ6 •- 
DQ7 •- 



CAS1«- 



DQ8 •- 
DQ9 •- 
DQ10*- 
DQ11«- 



DQ12*- 
DQ13*- 

DQ15»- 



DQ16*- 
DQ17*- 
DQ18#- 
DQ19»- 



DQ20*- 
DQ21«- 
DQ22»- 
DQ23»- 



CAS3*- 



DQ24*- 
DQ25*- 
DQ26#- 
DQ27«- 



DQ28*- 
DQ29*- 
DQ30*- 
DQ31*- 



A0-A9»- 

wl* •- 
* D0-D7 : HM514400JP/AJ Vcc ♦- 

v$$ •- 



^ 



1_ 



1/01 CAS RAS 

I/02 

1/03 DO 

j/04 

OE 



7ZZ 



1 1 



1/01 CAS R 

I/02 

I/03 D2 

JZOJ 

OE 



W/ 



I/0 1 CAS RAS 

1/02 

1/03 D4 

i>9_4 

OE 



^ 



I 1 



1/01 CAS RAS 

1/02 

1/03 D6 

1/04 

OE 



^ 



1/01 CAS RAS 

1/02 

1/03 D1 

I/04 

OE 



^ 



T 



1/01 CAT raT 

1/02 

1/03 D3 

\M 
OE 



W7/. , 



1/01 CAS RAS" 

I/02 

I/03 D5 

I/04 

OE 



^^ 



X 



1/01 CAS RAS 

i/02 

1/03 D7 

1/04 

OE 



->D0-D7 



->D0-D7 

->D0-D7 



IC0-C7 



->D0-D7 
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HB56D132 Series 



PHYSICAL OUTLINE 



Unit: : 



inch 



2-rf 3 ' 


175 


2 0. 


125 


R 1 .57 



R 0.062 



Pv 



2.03 



0.08 6J5. 
0.25" 



107.95 



4.25 
101.19 



did 
an 

li 



0.25 min 



0.01 



jtfmin^^ 



J-27 



0.05 
44.45 



R 1.57»- 
R 0.062 



1.75 




5.28 max 




0.208 

• E 1 
E 3 

-.= I 


1.27 typ^ ^ 


0.05 







Detail A 



60ns 



~\i 



70ns 




80ns 




100ns 



IP 



Detail B 



2.54Min. 
100 



A 



Note: Following the specification of the contact pads. 



Part No. 


Contact Pad 


HB56D132BR-XX 


Gold 


HB56D132SBR-XX 


Solder 
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HB56D132 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin 


(Input) 


V in 


-1.0 to +7.0 


V 


Relative to Vss 


(Output) 


Vout 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vgs 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


8 


W 


Operating Temperature 


Topr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.75 


5.0 


5.25 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


VlL 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vss- 
• DC Electrical Characteristics (T A 



to +70°C, V C c = 5V ±5%, V S s = 0V) 





Symbol 


HB56D132BR/SBR 


Unit 


Test Conditions 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating 
Current 


!CC1 


- 


880 


- 


800 


- 


720 


- 


640 


- 


720 


- 


640 


mA 


t RC = Min 


1,2 


Standby 


X CC2 


- 


16 


- 


16 


- 


16 


- 


16 


- 


16 


- 


16 


mA 


TTL Interface 
RAS, CAS = V IH 

D out = High-Z 




Current 


- 


8 


- 


8 


- 


8 


- 


8 


- 


8 


- 


8 


mA 


CMOS Interface 

RAS, CAS >V CC - 0.2V 

D out = High-Z 




RAS Only 

Refresh Current 


!CC3 


- 


880 


- 


800 


- 


720 


- 


640 


- 


720 


- 


640 


mA 


t R c - Min 


2 


Standby 
Current 


!CC5 


- 


40 


- 


40 


- 


40 


- 


40 


- 


40 


- 


40 


mA 


RAS = V IH 
CAS = V IL 
D out = Enable 


1 


CAS Before 
RAS Refresh 
Current 


!CC6 


- 


880 


- 


800 


- 


720 


- 


640 


- 


720 


- 


640 


mA 


tRc = Min 




Page Mode 
Current 


!CC7 


- 


880 


- 


800 


- 


720 


- 


640 


- 


720 


- 


640 


mA 


tpc = Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


jaA 


0V < V in < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V out < 7V 
D ut — Disable 




Output High 
Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


2.4 


v C c 


V 


High I out = - 5 mA 




Output Low 
Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 





0.4 





0.4 


V 


Lowl out = 4.2 mA 






Notes: 1. Ice depends on output load condition when the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vjl. 

3. Address can be changed once or less while CAS = Ym. 
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HB56D132 Series 



• Capacitance (T A = 25°C, V C c = 5V ±5%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


68 


pF 




Input Capacitance (WE) 


C12 


— 


76 


pF 




Input Capacitance (RAS) 


C13 


— 


43 


pF 




Input Capacitance (CAS) 


C14 


— 


29 


pF 




Output Capacitance (DQ0-DQ31) 


Ci/O 


— 


17 


pF 


1,2 



Notes: 



1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = Vih to disable D out . 



• AC Characteristics (T A = to +70°C, V C c = 5V ±5%, V S s = OV) 1 - 12 
Read, Write and Refresh Cycle (Common Parameters) 





Symbol 


HB56D132BR/SBR 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Random Read or Write 
Cycle Time 


tRC 


110 


- 


130 


- 


150 


- 


180 


- 


150 


- 


180 


- 


ns 




RAS Precharge Time 


tRP 


40 


— 


50 


— 


60 


— 


70 


— 


60 


— 


70 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


15 


10000 


20 


10000 


20 


10000 


25 


10000 


25 


10000 


25 


10000 


ns 




Row Address Setup Time 


USR 





— 





— 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


10 


— 


15 


— 


12 


— 


15 


— 


ns 




Column Address Setup Time 


tASC 





— 





— 





— 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


15 


— 


20 


— 


15 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


45 


20 


50 


20 


60 


25 


75 


22 


55 


25 


75 


ns 


8 


RAS to Column Address 
Delay Time 


tRAD 


15 


30 


15 


35 


15 


40 


20 


55 


17 


40 


20 


55 


ns 


9 


RAS Hold Time 


tRSH 


15 


— 


20 


— 


20 


— 


25 


— 


25 


— 


25 


— 


ns 




CAS Hold Time 


tcSH 


60 


— 


70 


— 


80 


— 


100 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


10 


— 


5 


— 


10 


— 


ns 




Transition Time 
(Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


— 


16 


— 


16 


— 


16 


ms 


15 


Read Cycle 




Symbol 


HB56D132BR/SBR 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


— 


80 


— 


100 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


15 


— 


20 


— 


20 


— 


25 


— 


25 


— 


25 


ns 


3,4 


Access Time from Address 


*AA 


— 


30 


— 


35 


— 


40 


— 


45 


— 


40 


— 


45 


ns 


3,5 


Read Command Setup Time 


tRCS 





— 





— 





— 





— 





— 





— 


ns 




Read Command 
Hold Time to CAS 


tRCH 





- 





- 





- 





- 





- 





- 


ns 




Read Command 
Hold Time to RAS 


tRRH 





- 





- 





- 





- 


10 


- 


10 


- 


ns 




Column Address to 
RAS Lead Time 


tRAL 


30 


- 


35 


- 


40 


- 


55 


- 


40 


- 


45 


- 


ns 




Output Buffer 
Turn-off Time 


tOFF 





15 





20 





20 





25 





20 





25 


ns 


6 
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Write Cycle 





Symbol 


HB56D132BR/SBR 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Write Command Setup Time 


twcs 





— 





— 





— 





— 





— 





— 


ns 


10 


Write Command Hold Time 


tWCH 


15 


— 


15 


— 


15 


— 


20 


— 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


*WP 


10 


— 


10 


— 


10 


— 


20 


— 


15 


— 


20 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 





— 





— 





— 


ns 


11 


Data-in Hold Time 


tDD 


15 


— 


15 


— 


15 


— 


20 


— 


15 


— 


20 


— 


ns 


11 



Refresh Cycle 


































Symbol 


HB56D132BR/SBR 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




CAS Setup Time 
(CAS Before RAS 
Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS Before RAS 
Refresh Cycle) 


tCHR 


10 


- 


10 


- 


10 


- 


10 


- 


20 


- 


20 


- 


ns 




RAS Precharge to 
CAS Hold Time 


tRPC 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 





Fast Page Mode Cycle 





Symbol 


HB56D132BR/SBR 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Fast Page Mode Cycle Time 


tpc 


40 


— 


45 


— 


50 


— 


55 


— 


55 


— 


55 


— 


ns 




Fast Page Mode 
CAS Precharge Time 


tCP 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Fast Page Mode 
RAS Pulse Width 


tRASC 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


ns 


13 


Access Time from 
CAS Precharge 


Ucp 


- 


35 


- 


40 


- 


45 


- 


50 


- 


50 


- 


50 


ns 


14 


RAS Hold Time from 
CAS Precharge 


tRHCP 


35 


- 


40 


- 


45 


- 


50 


- 


50 


- 


50 


- 


ns 





Notes: 1. AC measurements assume tj = 5 ns. 

2. Assumes that tRCD - tRCD ( max ) an( * tRAD - *RAD (max). If tRCD or tRAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that t RCD > t RC D (max), tRA D < t RAD (max). 

5. Assumes that t RC D £ tRCD (max), tRAD ^ *RAD (max). 

6. toFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vm and Vjl. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD i s greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAO 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD i s greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. Early write cycle only (t\ycs - tw"CS (min)). 

11. These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of lOOjxs is required a fter p ower up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RA S cloc k such as RAS only refresh). 

13. tRASC is determined by RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or tcAC or tACP- 

15. tREF is determined by 1,024 refresh cycles. 




HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



815 



HB56D132 Series 



■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



"V 



tT 



CAS 



tASR. 



Address 




WE 



Dout 



Din 



tRC 



tRAS 



■/- 



tRCD 



tCSH 



itRAH 
tASC 






Row 




tRAD 




tRCS 
tAR 



tRSH 



tCAS 



I 



Column 



tCAH 
tRAL 



< tCAC » 



tAA 



tRAC 



tRP 



tCRP 



itRRH 



tR(!H 



«-HE ► 



X 



Valid 
Output 



^_ 



JY 



High-Z 



: Don't care 



\ 





816 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HB56D132 Series 



• Early Write Cycle 



RAS 



"\ 



tT 



CAS 



tASR. 



Address 




WE 



Din 



Dout 



tRC 



.C 



tRAS 



A 



tRCD 



1L 



jt RAH 
tASC 



Row 



X 



\ 



tRAD 



tWCR 



tRSH 



tCSH 



tCAS 



«4 — 



/ 



Column 



twcs. 



tDHR 



tDS 



tCAH 
tRAL 



tRP 



tCRP 



tWP 



High-Z 



% : Don't care 



\ 
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• RAS Only Refresh Cycle 



RAS 



•\ 



tCRP 



CAS 




« — ► 



tASR 



Address 



Dout 






tRC 



tRAS 



X 



< S2 ► 



jtRPC 



\ 




ItRAH 



Row 




High-Z 



1 WE : Don't care 

2 WM\ : Don't care 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 




1 Address, Din : Don't care 

2 Dout: High-Z 

3 j^^j : Don't care 

4 WE = VIH 
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HB56D132 Series 



• Fast Page Mode Read Cycle 



i- 



RAS 






tT 



CAS 



tASR. 



Address 



WE 



Dout 



Din 



tRASC 



tCSH 



tRCD 



\ 



4 tRA ° > 



Row 



1. 



use 




tRCS 



<e^> 






Column 1 



1 )( 




tRCH 



tRAC 



\ 



tCP 



tAS' 



!» 



-C 



\. 




tPC 



. tCAS , 



.c 



«► 



Column 2 



"Vi 



JV" 



tRCS tRCH 



tACP 



+ML-+ 



tRHCP 



A 

j' 



\ 



tAS< 



$> 




^ tCAS 



tRAL 



Column N 



X H- 



tRCS 



tRP 



V 



tACP 



«e*2EL-* 



jrvalid -r 7-valid -r 7" 

^-Output 1 .i ^-Output 2 -C \. 



tCRP 




tRRH 




tOFF 



Valid -ir 

Output N -£ 



High-Z 



: Don't care 
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• Fast Page Mode Early Write Cycle 



RAS 






tT 



CAS 



tASR k 



Address 



tRASC 



tCSH 



tRCD 



I 



< tRA ° » 

tRAI 



i-C 



Row 



Din 




Dout 



tASi 



<* 




r 



twcs , 




JT 



«e^+ 



«► 



Column 1 



tos, 




\ 



tCP 



tAS 



%> 



twc s 



tWCH 
tWP 




tPC 



, tCAS . 



r 



^. 



jf 



\ 



«► 



Column 2 



}. 



A 



Valid 
Input 1 



tDS. 




T 



jr 



tAS' 



^ 




twcs 



tWCH 
tWP 




tCAS 



/K 



tRP 



.C 

f 



«► 



Column N 



tDH 



Valid 
4r Input 2 



tos. 



r^miX 



tWCH 
tWP 




tDH 



Valid 
Input N 




High-Z 



^ : Don't care 



tCRP 





820 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HB56D232B Series 



2,097, 152- Word x 32-Bit High Density Dynamic RAM Module 
■ DESCRIPTION 



The HB56D232B is a 2M x 32 dynamic RAM module, 
mounted 16 pieces of 4Mbit DRAM (HM514400JP) sealed in 
SOJ package. An outline of the HB56D232B is 72-pin single 
in-line package. Therefore, the HB56D232B makes high 
density mounting possible without surface mount technology. 
The HB56D232B provides common data inputs and outputs. 
Decoupling capacitors are mounted beneath each SOJ but 
only on the one side of its module board. 

■ FEATURES 

• 72-pin Single In-line Package 

Lead Pitch 1 .27mm 

• Single 5V (±5%) Supply 

• High Speed 

Access Time 80 ns/100 ns/120 ns (max) 

• Low Power Dissipation 

Active Mode 3.99W/3.57W/3.15W (max) 

Standby Mode 168 mW (max) 

• Fast Page Mode Capability 

• 1 ,024 Refresh Cycles (16 ms) 

• 2 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

• TTL Compatible 



■ ORDERING INFORMATION 




Part No. 


Access Time 


Package 


HB56D232B-8 


80 ns 


72-pin SIP 
Socket Type 


HB56D232B-10 


100 ns 


HB56D232B-12 


120 ns 





■ PRESENCE DETECT PINOUT 






Pin No. 


Pin Name 


HB56D132BR 




80 ns 


100 ns 


120 ns 


67 


PDi 


v S s 


v S s 


v S s 


68 


PD 2 


v S s 


v S s 


v S s 


69 


PD 3 


NC 


v S s 


NC 


70 


PD 4 


v S s 


v S s 


NC 



■ PIN OUT 








O 

K n„ 




O 


loo 

M pin 


::::::::oo^ool::::l 


::::i::dq 


36 pin / X 37 pin 


72 pin / 

0132-1 



Pin 

No. 


Pin 
Name 


Pin 

No. 


Pin 
Name 


Pin 

No. 


Pin 
Name 


Pin 

No. 


Pin 
Name 


1 


v S s 


19 


NC 


37 


NC 


55 


DQn 


2 


DQo 


20 


DQ 4 


38 


NC 


56 


DQ 27 


3 


DQi6 


21 


DQ 2 


39 


v S s 


57 


DQl2 


4 


DQi 


22 


DQ 5 


40 


CAS0 


58 


DQ 28 


5 


DQn 


23 


DQ21 


41 


CAS2 


59 


v C c 


6 


DQ 2 


24 


DQ 6 


42 


CAS3 


60 


DQ 29 


7 


DQl8 


25 


DQ22 


43 


CAST 


61 


DQ13 


8 


DQ 3 


26 


DQ 7 


44 


RAS0 


62 


DQ30 


9 


DQl9 


27 


DQ23 


45 


RAST 


63 


DQ14 


10 


v C c 


28 


A 7 


46 


NC 


64 


DQ31 


11 


NC 


29 


NC 


47 


WE 


65 


DQ15 


12 


Ao 


30 


v C c 


48 


NC 


66 


NC 


13 


Ai 


31 


A 8 


49 


DQ 8 


67 


PDi 


14 


A 2 


32 


A 9 


50 


DQ 24 


68 


PD 2 


15 


A 3 


33 


RAS3 


51 


DQ 9 


69 


PD 3 


16 


A4 


34 


RAS2 


52 


DQ25 


70 


PD 4 


17 


A 5 


35 


NC 


53 


DQ10 


71 


NC 


18 


A 6 


36 


NC 


54 


DQ 2 6 


72 


Vss 



PIN DESCRIPTION 



Pin Name 


Function 


A0-A9 


Address Input 


A0-A9 


Refresh Address Input 


DQ0-DQ31 


Data-in/Data-out 


CAS0-CAS3 


Column Address Strobe 


RAS0-RAS3 


Row Address Strobe 


WE 


Read/Write Enable 


v C c 


Power Supply ( + 5V) 


v ss 


Ground 


PD1-PD4 


Presence Detect Pin 


NC 


Non-Connection 
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HB56D232B Series 



BLOCK DIAGRAM 



' D0-D15 : HM514400JP 



RAS0 -- 
CAS0«- 



DQO 
DQ1 
DQ2 
DQ3 



DQ4 •- 
DQ5 •- 
DQ6 •- 

DQ7 *- 



CAS1»~ 



DQ8 •- 
DQ9 ♦- 
DQ10«- 
DQ11»- 



DQ12»- 
DQ13»- 
DQ14«- 
DQ15»- 



RAS2« 



CAS2»- 
DQ1 6 •- 



DQ17«- 
DQ18»- 
DQ19« 



DQ20»- 
DQ21»- 
DQ22»- 
DQ23*- 



CAS3«- 



DQ24*- 
DQ25«- 
DQ26«- 
DQ27»- 



DQ28»- 
DQ29«- 
DQ30»- 
DQ31»- 



A0-A9 •- 
WE *- 
Vcc •- 



Vss 



1/01 CAS RAS 

1/02 

1/03 DO 

1/04 

OE 



2C 



1/01 CAS RAS 

I/02 

1/03 D3 

1/04 

OE 



1/01 CAS RAS 

1/02 

1/03 D4 



OE 



1/01 CAS RAS 

I/02 

I/03 D7 

i/04 

OE 



1/01 CAS RAS 

1/02 

1/03 08 

1/04 

OE 



I 



JU 



TT 



1/01 CAS RAS 

I/02 

i/03 011 

1/04 

OE 



1/01 CAS RAS 

I/02 

i/03 D12 

i/04 

OE 



1/01 CAS RAS 

1/02 

i/03 D15 

jg>4 

OE 



-~D0~D15 
■—00-015 

-D0-D15 



C0-C7 



— 00-015 



1/01 RAS CAS 

1/02 

1/03 D1 

1/04 

OE 



-•RAS1 



X 



1/01 RAS CAS 

I/02 

I/03 D2 

\m 

OE 



1/01 RAS CAS 

I/02 

I/03 D5 

1/04 

OE 



1/01 RAS CAS 

I/02 

i/03 D6 

M 

OE 



diP 



-*RAS3 



1/01 RAS CAS 

1/02 

1/03 D9 

\m 

OE 



1/01 RAS CAS 

I/02 

I/03 D10 

]/04 

OE 



1/01 RAS CAS 

I/02 

i/03 D13 

i/04 

OE 



1 



I 1 



1/01 RAS CAS 

i/02 

i/03 D14 

104 

OE 
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HB56D232B Series 



PHYSICAL OUTLINE 



R1.57 
R 0.062 



t<tfo 



2.03 

0.08" 

6.35 



107.9S 



Q00D0 QOOOOnnOOODO 00000 

OD HH 00 
00000 00000 DD 00000 DOOOO 



mimmmimmiHinmmmik 



I 127 
^0.05 



R 0.062 




OOOOQ 01 






n n i n m 1 1 ■ 1 1 mi u » i ujuimuiii j^iiu ju jj i iiiii ujjujjjuujjuuuuuuuiu 




Detail A 



nnn 






nrmnrmnnnnn 



100ns 



inn 






ffl. 



nnr 






mnnnnnnnnm 



snn 



nnr 

) 
JUU UUl 

DDDD0I1DDDDD 



^E» 



Unit: 



inch 



0.36 



1.27 typ. 



0.05 



i 







Detail B 






J51 


0.25 max. 


2.54 min. 






♦ 


O.IOO 




, 1 ~~-~ 


1.07 max. 




^ 




0.042 







Note: The plating of the contact finger is gold. 
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HB56D232B Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin 


(Input) 


V in 


-1.0 to +7.0 


V 


Relative to Vgs 


(Output) 


Vout 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vgs 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


w 


50 


mA 


Power Dissipation 


Pt 


8 


W 


Operating Temperature 


Topr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



I ELECTRICAL CHARACTERISTICS 

1 Recommended DC Operating Conditions (T A 



Oto +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.75 


5.0 


5.25 


V 


1 


Input High Voltage 


Vm 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


ViL 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgs- 

• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±5%, V S s = 0V) 



Parameter 


Symbol 


HB56D232B-8 


HB56D232B-10 


HB56D232B-12 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


!CC1 


— 


760 


— 


680 


— 


600 


mA 


t RC = Min 


1,2 


Standby Current 


J CC2 


- 


32 


- 


32 


- 


32 


mA 


TTL Interface 
RAS, CAS = V IH , 

D out = High-Z 




- 


16 


- 


16 


- 


16 


mA 


CMOS Interface 

RAS, CAS > V CC ~ 0.2V, 

D out = High-Z 




RAS Only 
Refresh Current 


!CC3 


- 


760 


- 


680 


- 


600 


mA 


tRC = Min 


2 


Standby Current 


ICC5 


- 


80 


- 


80 


- 


80 


mA 


RAS = V IH ,CAS = V IL 

D out = Enable 


1 


CAS Before RAS 
Refresh Current 


!CC6 


- 


760 


- 


680 


- 


600 


mA 


t RC = Min 




Page Mode Current 


ICC7 


— 


760 


— 


680 


— 


600 


mA 


tpc = Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


uA 


0V < V in < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


uA 


0V < V out < 7V, 
D out = Disable 




Output High Voltage 


V H 


2.4 


Vcc 


2.4 


v C c 


2.4 


v C c 


V 


High I out = - 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


Lowl ou t = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice (max) is specified at the output open condition. 

2. Address can be changed less than three ti mes wh ile RAS = Vjl. 

3. Address can be changed once or less while CAS = Vm- 
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HB56D232B Series 



• Capacitance (T A = 25°C, V C c = 5V + 5%) 










Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


121 


pF 


1 


Input Capacitance (WE) 


C12 


— 


137 


pF 


1 


Input Capacitance (RAS, CAS) 


C13 


— 


48 


pF 


1 


Output Capacitance (DQ0-DQ31) 


c i/o 


— 


29 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vih to disable D out . 

• AC Characteristics (T A = 0°C to + 70°C, V C c = 5V ±5%, V S s = 0V)L 12 
Read, Write, and Refresh Cycles (Common Parameters) 



Parameter 


Symbol 


HB56D232B-8 


HB56D232B-10 


HB56D232B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


150 


— 


180 


— 


210 


— 


ns 




RAS Precharge Time 


tRP 


60 


— 


70 


— 


80 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


*CAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


tASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


20 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


40 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tCSH 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


5 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


ms 


15 


Read Cycle 


Parameter 


Symbol 


HB56D232B-8 


HB56D 


232B-10 


HB56D232B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


— 


120 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


25 


— 


25 


— 


30 


ns 


3,4 


Access Time from Address 


tAA 


— 


40 


— 


45 


— 


55 


ns 


3,5 


Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


*RAL 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


k)FF 





20 





25 





30 


ns 


6 
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HB56D232B Series 
Write Cycle 



Parameter 


Symbol 


HB56D232B-8 


HB56D232B-10 


HB56D232B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


*WCH 


15 


— 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


t W p 


15 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


<DH 


15 


— 


20 


— 


25 


— 


ns 


11 



Refresh Cycle 




















Parameter 


Symbol 


HB56D232B-8 


HB56D232B-10 


HB56D232B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tCSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HB56D232B-8 


HB56D232B-10 


HB56D232B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


10 


— 


15 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


80 


100000 


100 


100000 


120 


100000 


ns 


13 


Access Time from CAS Precharge 


tACP 


— 


50 


— 


50 


— 


60 


ns 


14 


RAS Hold Time from CAS Precharge 


tRHCP 


50 


— 


50 


— 


50 


— 


ns 





Notes: 1. AC measurements assume tx = 5 ns. 

2. Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD ( max )- ^ *RCD or tRAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that t RC D ^ t RC D (max) and t RA D ^ t RA D ( max )- 

5. Assumes that tRCD ^ *rcd (max) and tRAD - tRAD (max). 

6. tQFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. Vih (min) and Vtl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vjl. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. Early write cycle only (t\ycs - tw~CS (min)). 

11. These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of 100 ja s is required a fter p ower up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 

13. tRASC i s determined by RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or tcAC or tACP- 

15. tREF is determined by 1,024 refresh cycles. 
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HB56D232B Series 



I TIMING WAVEFORMS 
> Read Cycle 



RAS 



CAS 



X 



tASR^, 



tRC 



tRAS 



tRCD 



tcSH 



.*RAH. 



\ / 



tASC 



tRAD 



tRSH 



tCAS 



,tCAH 



tRAL 



tRP 



WE 



Dout 



Din 



y///////////// 



yr~^\ 



tCRP 



V 



Address ^y^ ^ 

u tRCS » ,-^4-wlRRH 

tAR tRCH 



tCAC 



tAA ^ 



tRAC 



W////////A 



tOFF 



< 



Valid 
Output 



High-Z 



X////X : Don't care 



• Early Write Cycle 



RAS 



CAS 



Address 



\ 



tASR^ 



^< 



tRC 



tRAS 



tRCD 



tcSH 



^tRAH^ 



tASC 



\ / 



tRAD 



twCR 



tRSH 



^ tpAS ^ 



tRP 

^ UL — »». 



tCRP 



tCAH 
tRAL 



Column 



twcs, 



«■ '////////////////£ 



tDHR 



tDS^ 



twCH 



twp 



^tpH^ 



X 






High-Z 

Din 

\////\ : Don't care 
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HB56D232B Series 



• RAS Only Refresh Cycle 



RAS 



CAS 



\ 



tCRPp*-*- 



tASR 



tRC 



tRAS 



^ tRP 



tRPC 




^ 



tRAH 



Add- w>&z wzmy/////////////////7zv7Z7, 

Hiph-Z 



Dout 



1 WE : Donl care 

2 Y////\ : Donl care 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 



tRPC 



H 



tCSR 



tRC 



\ 



tRAS 



-JSHB» 



S 



tRP 



X 



Jm*. 



, <wz?>> < 



1 Address, Din: Donl care 

2 Dout: High-Z 

3 \////\ : Donl care 
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HB56D232B Series 



• Fast Page Mode Read Cycle 



RAS 



CAS 



tASR, 



tRASC 



tcSH 



tRCD 



JRA^. 



tRAD ^ | 



tASC 



tRCS, 



J££+ 



\^^\^ r ~\ 



tCAH 

< *- 



WE 



Dout 



Din 



///////////A 



tRCH 



tcp 



tASC^ 



Address 7 /j\^^ 






tRAC 



tpc 



^CAS. 



tCAH 



tRHCP 



Use, 



1 IRCH 
tRCS 



wis; 

_ ' 'acp : 



U)FF 



.tRSH. 



^ — K 

tRP 



tCAS 



tRAL 



tCAH 
< — ► 




J tRCS 



/ 



tCRP 



^JCAC^ 

tAA fc 



^ tACP 



tOFF 



V v5id"^ L ? r Valid n / r Valid V 

\ Output 1 ^ p"— -—" ^ Output 2 J f S| c Output N J f 



tRRH 



W 



. tQFF. 



Hiflh-Z 



Y////\ : Donl care 



• Fast Page Mode Early Write Cycle 



RAS 



CAS 



* ASR 



tRASC 



tcSH 



< tRCP »U tcAS » 



tRAD 



4™4h 



tASC 



WE '//////////>£ 



tCAH 

<+. »■ 



W"\ 



tcp 



tps . 



tASC, 



Address /^ [ Row ) \@fri t Column 1, j^^ t Column 2 , ^^ ^Column N 3 ^^^ 

twes 



E t wes^ 

tWCH 



twp> 



tDH 



:^: 



tpc 



JCAS^ 



tCAH 



tqs, 



High-Z 



tASC^ 



I t wes , 

tWCH 



tywy 



tDH 



\ m>: 



tCAS 



yr^K 



A. « '"" » , 



/ 



tCRP 



tCAH 

-« ► 



tps^ 



T 



tWCH 

-« — ► 

twp> 



tDH 



V////////A 



Din 



£22J: Dont care 
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HB56D232BS/SBS Series 



2,097,152-Word x 32-Bit High Density Dynamic RAM Module 

■ DESCRIPTION ■ PIN OUT 



The HB56D232BS/SBS is a 2M x 32 dynamic RAM mod- 
ule, mounted 16 pieces of 4 Mbit DRAM (HM514400AJ) 
sealed in SOJ package. An outline of the HB56D232BS/ 
SBS is the 72-pin single in-line package. Therefore, the 
HB56D232BS/SBS makes high density mounting possible 
without surface mount technology. The HB56D232BS/SBS 
provides common data inputs and outputs. Decoupling ca- 
pacitors are mounted beneath each SOJ. 

■ FEATURES 

• 72-pin Single In-line Package 

Lead Pitch 1 .27mm 

• Single 5V (±5%) Supply 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns (max) 

• Low Power Dissipation 

Active Mode 4.83W/4.41/3.99W/3.57W (max) 

Standby Mode 168 mW (max) 

• Fast Page Mode Capability 

• 1 ,024 Refresh Cycle (16 ms) 

• 2 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Part No. 


Access Time 


Package 


Contact Pad 


HB56D232BS-6A 


60 ns 


72-pin 
SIP Socket Type 




HB56D232BS-7A 


70 ns 


Gold 


HB56D232BS-8A 


80 ns 


HB56D232BS-10A 


100 ns 




HB56D232SBS-6A 


60 ns 


72-pin 
SIP Socket Type 




HB56D232SBS-7A 


70 ns 


Solder 


HB56D232SBS-8A 


80 ns 


HB56D232SBS-10A 


100 ns 





PIN DESCRIPTION 



Pin Name 


Function 


A0-A9 


Address Input 


A0-A9 


Refresh Address Input 


DQ0-DQ31 


Data-in/Data-out 


CAS0-CAS3 


Column Address Strobe 


RAS0-RAS2 


Row Address Strobe 


WE 


Read/Write Enable 


v C c 


Power Supply ( + 5V) 


v S s 


Ground 


PD1-PD4 


Presence Detect Pin 


NC 


No Connection 



f 



lpin 



- - M / - \ uu. . 

36 pin 37 pin 



72 pin 



Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 
Name 


Pin 

No. 


Pin 
Name 


1 


v S s 


19 


NC 


37 


NC 


55 


DQn 


2 


DQo 


20 


DQ 4 


38 


NC 


56 


DQ 27 


3 


DQ16 


21 


DQ20 


39 


v S s 


57 


DQ12 


4 


DQi 


22 


DQ 5 


40 


CAS0 


58 


DQ28 


5 


DQl7 


23 


DQ21 


41 


CAS2 


59 


Vcc 


6 


DQ 2 


24 


DQ 6 


42 


CAS3 


60 


DQ 29 


7 


DQis 


25 


DQ22 


43 


CAS1 


61 


DQ13 


8 


DQ 3 


26 


DQ 7 


44 


RAS0 


62 


DQ30 


9 


DQ19 


27 


DQ23 


45 


RAS1 


63 


DQ M 


10 


v C c 


28 


A 7 


46 


NC 


64 


DQ31 


11 


NC 


29 


NC 


47 


WE 


65 


DQ 15 


12 


Ao 


30 


v C c 


48 


NC 


66 


NC 


13 


Ai 


31 


A 8 


49 


DQs 


67 


PD1 


14 


A 2 


32 


A 9 


50 


DQ24 


68 


PD2 


15 


A3 


33 


NC 


51 


DQ 9 


69 


PD3 


16 


A 4 


34 


RAS2 


52 


DQ25 


70 


PD4 


17 


A 5 


35 


NC 


53 


DQ10 


71 


NC 


18 


A 6 


36 


NC 


54 


DQ26 


72 


Vss 



PRESENCE DETECT PINOUT 



Pin No. 


Pin Name 


HB56D232BS/SBS 




-6A 


-7A 


-8A 


-10A 


67 


PD1 


NC 


NC 


NC 


NC 


68 


PD2 


NC 


NC 


NC 


NC 


69 


PD3 


NC 


v S s 


NC 


v S s 


70 


PD4 


NC 


NC 


v S s 


v S s 
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BLOCK DIAGRAM 



HB56D232BS/SBS Series 



*D0-D15: HM514400AJ 



ra5q »- 
CAS0«- 

DQO •- 
DQ1 *- 
DQ2 •- 
DQ3 •- 



DQ4 ♦- 

DQ5 •- 
DQ6 •- 

DQ7 ♦- 



CAS1#- 



DQ8 •- 
DQ9 *- 
DQ10«- 
DQ11«- 



DQ12*- 
DQ13*- 
DQ14«- 
DQ15#- 



RAS2 »- 
CAS2*- 



DQ16*- 
DQ17*- 
DQ18«- 
DQ19*- 



DQ20»- 
DQ21*- 



DQ22»- 
DQ23*- 



CAS3*- 



DQ24*- 
DQ25«- 
DQ26»- 
DQ27«- 



DQ28«H- 
DQ29#- 



DQ30*- 
DQ31»- 



A0-A9*- 

Wf •- 
Vcc •- 
Vss *- 



^ 



H 



1/01 CAS RAS 

1/02 

1/03 DO 

1ZQ4 

OE 



W/. 



X 



X 



1/01 CAS 

I/O 2 

1/03 D3 

JZ9.4 

OE 



RAS 



^ 



X 



1/01 CAS R 

1/02 

1/03 D4 

1/04 



sk 



x 



i 



1/01 CAS RAS 

I/02 

I/03 D7 

i/04 

OE 



WZ 



1/01 CAS RAS 

I/02 

I/03 D8 

1/04 

OE 



^^ 



I T 



1/01 CAS RAS 

1/02 

1/03 D11 

I/04 

OE 



^k m 



1/01 CAS 

1/02 

1/03 D12 

1/04 

OE 



RAS 



d# 



1/01 CAS RAS 

1/02 

1/03 D15 

!£4 

OE 



->D0-D15 



-►D0-D15 



-3=; 



-►D0-D15 
->D0-D15 



?k 



X 



1/01 RAS CAS 

I/02 

I/03 D1 

J/04 

OE 



W/. 



T 



1/01 RAS CAS 

1/02 

1/03 D2 

!/0_4 

OE 



W%. 



1/01 RAS C 

i/02 

1/03 D5 

1/04 

OE 



^ 



X 



1/01 RAS CAS 

1/02 

1/03 D6 

!/04 

OE 



W/ 



1/01 RAS CAS 

I/02 

I/03 D9 

1/04 

OE 



^ 



1/01 RAS CAS 

I/02 

I/03 D10 

1ZPJ 

OE 



?k 



1/01 RAS CAS 

1/02 

1/03 D13 

1/04 

OE 



^ 



X 



X 



1/01 RAS CAS 

I/02 

I/03 D14 

1ZQ4 

OE 



• RA5T 



-•RASl 
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HB56D232BS/SBS Series 
■ PHYSICAL OUTLINE 



Unit: 



inch 



2-<t> 



R1.57 
R 0.062 




0.25 



i 







_44.45 
1.75" 



1 . 2 7 ty p 

TwTc " 



TOOOOTOOira^^ 



o 



innnrnnm: \ 



Detail A 



60ns 



CO rm 

CZ3CZJCDCZ3 



C 



Jp ex 



nnnnnnnnnn 



70ns 



O CD C 

□CDpjCD 



80ns 



CD rm 

CZJIZUCDp 



c 



100ns 



o ca C 



J CDU3 
P CZ3CD 



Detail B 



A 



2.54Mtn. 
0.100 



1,07max, 



Note: Following the specification of the contact pads. 



Part No. 


Contact Pad 


HB56D232BS-XX 


Gold 


HB56D232SBS-XX 


Solder 
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HB56D232BS/SBS Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin 


(Input) 


V in 


-1.0 to +7.0 


V 


Relative to V§s 


(Output) 


V ut 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§§ 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


!out 


50 


mA 


Power Dissipation 


P T 


8 


W 


Operating Temperature 


Topr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = o to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.75 


5.0 


5.25 


V 


1 


Input High Voltage 


Vm 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


VlL 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to V§s- 

• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±5%, V S s = 0V) 





Symbol 


HB56D232BS/SBS 


Unit 


Test Condition 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating 
Current 


!CC1 


- 


920 


- 


840 


- 


760 


- 


680 


mA 


tRC = Min 


1,2 


Standby Current 


ICC2 


- 


32 


- 


32 


- 


32 


- 


32 


mA 


TTL Interface 
RAS, CAS = V IH 
D out = High-Z 




- 


16 


- 


16 


- 


16 


- 


16 


mA 


CMOS Interface RAS, 
CAS > V CC - 0.2V 
D out = High-Z 




RAS Only 

Refresh Current 


!CC3 


- 


920 


- 


840 


- 


760 


- 


680 


mA 


t RC = Min 


2 


Standby 
Current 


I<X5 


- 


80 


- 


80 


- 


80 


- 


80 


mA 


RAS = V IH 
CAS = V IL 

D out = Enable 


1 


CAS Before 
RAS Refresh 
Current 


J CC6 


- 


920 


- 


840 


- 


760 


- 


680 


mA 


t RC = Min 




Page Mode Current 


!CC7 


_ 


920 


— 


840 


— 


760 


— 


680 


mA 


tpc = Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


jaA 


0V < V in < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


jaA 


0V < V out < 7V, 
D out = Disable 




Output High 
Voltage 


VOH 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


High I out = - 5 mA 




Output Low 
Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 





Notes: 1. Ice depends on output load condition when the dev ice is selected, Ice max is specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vjl- 

3. Address can be changed < 1 time while CAS = Vjh- 
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HB56D232BS/SBS Series 



• Capacitance (T A = 25°C, V C c = 5V ±5%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


C11 


— 


121 


pF 


1 


Input Capacitance (WE) 


C12 


— 


137 


pF 


1 


Input Capacitance (RAS, CAS) 


C13 


— 


48 


pF 


1 


Output Capacitance (DQ0-DQ31) 


c i/o 


— 


29 


pF 


1,2 



Notes: 



1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = V IH to disable D out . 



• AC Characteristics (T A = to + 70°C, V C c = 5V ±5%, V S s = OV) 1 - 12 
Read, Write and Refresh Cycle (Common Parameters) 





Symbol 


HB56D232BS/SBS 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Random Read or 
Write Cycle Time 


tRC 


110 


- 


130 


- 


150 


- 


180 


- 


ns 




RAS Precharge Time 


tRP 


40 


— 


50 


— 


60 


— 


70 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


15 


10000 


20 


10000 


20 


10000 


25 


10000 


ns 




Row Address 
Setup Time 


tASR 





- 





- 





- 





- 


ns 




Row Address 
Hold Time 


tRAH 


10 


- 


10 


- 


10 


- 


15 


- 


ns 




Column Address 
Setup Time 


Use 





- 





- 





- 





- 


ns 




Column Address 
Hold Time 


tCAH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




RAS to CAS 
Delay Time 


tRCD 


20 


45 


20 


50 


20 


60 


25 


75 


ns 


8 


RAS to Column 
Address Delay 
Time 


tRAD 


15 


30 


15 


35 


15 


40 


20 


55 


ns 


9 


RAS Hold Time 


tRSH 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


tcSH 


60 


— 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS 
Precharge Time 


tCRP 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Transition Time 
(Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


- 


16 


ms 


15 
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HB56D232BS/SBS Series 



Read Cycle 





Symbol 


HB56D232BS/SBS 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Access Time 
from RAS 


tRAC 


- 


60 


- 


70 


- 


80 


- 


100 


ns 


2,3 


Access Time 
from CAS 


tCAC 


- 


15 


- 


20 


- 


20 


- 


25 


ns 


3,4 


Access Time 
from Address 


*AA 


- 


30 


- 


35 


- 


40 


- 


45 


ns 


3,5 


Read Command 
Setup Time 


tRCS 





- 





- 





- 





- 


ns 




Read Command Hold 
Time to CAS 


tRCH 





- 





- 





- 





- 


ns 




Read Command Hold 
Time to RAS 


tRCH 





- 





- 





- 





- 


ns 




Column Address to 
RAS Lead Time 


tRAL 


30 


- 


35 


- 


40 


- 


55 


- 


ns 




Output Buffer 
Turn-off Time 


tQFF 





15 





20 





20 





25 


ns 


6 



Write Cycle 





Symbol 


HB56D232BS/SBS 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Write Command 
Setup Time 


twcs 





- 





- 





- 





- 


ns 


10 


Write Command 
Hold Time 


t\VCH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




Write Command 
Pulse Width 


t wp 


10 


- 


10 


- 


10 


- 


20 


- 


ns 




Data-in 
Setup Time 


tDS 





- 





- 





- 





- 


ns 


11 


Data-in 
Hold Time 


*DH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 


11 
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HB56D232BS/SBS Series 
Refresh Cycle 





Symbol 


HB56D232BS/SBS 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




CAS Setup Time 
(CAS Before RAS 
Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS Before RAS 
Refresh Cycle) 


tCHR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to 
CAS Hold Time 


*RPC 


10 


- 


10 


- 


10 


- 


10 


- 


ns 





Fast Page Mode Cycle 





Symbol 


HB56D232BS/SBS 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Fast Page Mode 
Cycle Time 


tpc 


40 


- 


45 


- 


50 


- 


55 


- 


ns 




Fast Page Mode 
CAS Precharge Time 


tCP 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Fast Page Mode 
RAS Pulse Width 


tRASC 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


ns 


13 


Access Time from 
CAS Precharge 


tACP 




35 


- 


40 


- 


45 


- 


50 


ns 


14 


RAS Hold Time from 
CAS Precharge 


tRHCP 


35 


- 


40 


- 


45 


- 


50 


- 


ns 





Notes: 1. AC measurements assume tj = 5 ns. 

2. Assumes that tRCD - tRCD ( max ) an d tRAD - *rad (max). If tRCD or tRAD * s greater than the maximum recommended 
value shown in this table, tR A c exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that t RC D ^ t RC D (max), tR A D ^ t RAD (max). 

5. Assumes that t RC D ^ tR C D (max), t RA D ^ t RA D (max). 

6. toFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vil- 

8. Operation with the tRCD (max) limit insures that tR A c (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tc A c- 

9. Operation with the tR A r> (max) limit insures that tR A c (max) can be met, tR A £> (max) is specified as a reference point only, 
if tR A £> is greater than the specified tR A o (max) limit, then access time is controlled exclusively by t AA . 

10. Early write cycle only (t\ycs - twcs (min)). 

1 1 These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of 100 juts is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS clock such as RAS only refresh). 
13- tR A sc is determined by RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of t AA or tc A c or t A cp- 

15. tREF is determined by 1,024 refresh cycles. 
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HB56D232BS/SBS Series 



I TIMING WAVEFORMS 
> Read Cycle 



RAS 



[\ 



tT 



CAS 



tASR. 



Address 




WE 



Dout 



Din 



tRC 



tRAS 



/" 



tRCD 



tCSH 



|tRAH 
tASC 



I 



Row 




tRAD 



tRCS 
tAR 



tRSH 



A ^ ► 



r 



j 



Column 



tCAH 
tRAL 



A tCAC » 



tAA 



tRAC 



tRP 



tCRP 



(tRRH 



tRdH 



«— J2£E ► 



-C 



Valid 



"L 



VdllU v 

Output -£ 



High-Z 



^% : Don't care 



\ 
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HB56D232BS/SBS Series 
• Early Write Cycle 



RAS 



"\ 



tT , 



CAS 



tASR. 



Address 




WE 



Dout 



Din 



tRC 



X 



tRAS 



1 



tRCD 



<— ► 



|tRAH 

use 



Row 



TL 



tRAD 



tWCR 



tRSH 



tCSH 



« — ^ — ► 



\ / 



Column 



twes. 




tDHR 



tDS 




tCAH 
tRAL 



tRP 



tCRP 



«► 



tWP 




tDH 



Valid 
Input 



High-Z 



: Don't care 



\ 
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HB56D232BS/SBS Series 



• RAS Only Refresh Cycle 



RAS 



\ 



tCRP 



ZB * 




tASR 



Address 



Dout 




tRC 



tRAS 



JT 



A 



1 



tRP 



ItRPC 




ItRAH 



Row 




High-Z 



1 WE : Don't care 

2 Wft : Don't care 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 




1 Address, Din : Don't care 

2 Dout: High-Z 

3 E^j : Don't care 

4 WE = VIH 
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HB56D232BS/SBS Series 



• Fast Page Mode Read Cycle 



RAS 



N. 



tT 



CAS 



tASR, 



Address 



tRASC 



tCSH 



tRCD 



"X. 



\ 



4 tRAD ► 
tRAI 



Row 



WE 



Dout 



^L 



JT 



tAS< 



^ 




tRCS 



Din 



"L 



+££*> 



Column 1 




tRCH 



tRAC 



"i. 



\. 1 



tCP 



tASC 




tPC 



"s. 



. tCAS . 



X 



Column 2 



2 % 



tRCS tRCH 



tACP 



tOFF 



/"Valid -r i" 

2-Outputi 2 L 



tRHCP 



1 



tASC 




, tRSH 



tCAS 



tRAI 



Column N 



tRCS 



tRP 



tACP 



tOFF 



Valid 
.Output 2 



tCRP 




tRRH 




-tOFF 



"v T Valid -)r 

2 4- Output N Jf 



High-Z 



^j : Don't care 
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HB56D232BS/SBS Series 



• Fast Page Mode Early Write Cycle 



RAS 






U 



CAS 



tASR. 



Address 



tRASC 



tCSH 



< 22 „ 



UT^J^ 



4 tRAD > 

tRAI 



tASC 



Row 



WE 



Dout 



Din 



"^. 



JT 



twcs , 





«££* 



Column 1 



tDS, 




JT 



tCP 



tASC 




twcs 



tWP 




tPC 



. tCAS , 






Column 2 



tDH 



Valid 
Input 1 



tDS. 




tWP 



tASC 



"-j 



twcs 




, t RSH 
tCAS 



1 



r 



tRP 



.r 



jt 



«► 



Column N 



tDH 



Valid 
'\ Input 2 



tDS. 




tWCH 
tWP 



tDH 



Valid 
Input N 



High-Z 



^ : Don't care 



tCRP 
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HB56D25636 Series 

262, 144- Word x 36-Bit High Density Dynamic RAM Module 

■ DESCRIPTION 

The HB56D25636B is a 256k x 36 dynamic RAM module, mounted 8 pieces of 
1 Mbit DRAM (HM514256JP) sealed in SOJ package and 4 pieces of 256k-bit 
DRAM (HM51256CP) sealed in PLCC package. An outline of the HB56D25636B is 
72-pin single in-line package. Therefore, the HB56D25636B makes high density 
mounting possible without surface mount technology. The HB56D25636B provides 
common data inputs and outputs. Decoupling capacitors are mounted beneath each 
SOJ and PLCC. 

■ FEATURES 

• 72-pin Single In-line Package 

Lead Pitch 

• Single 5V (±5%) Supply 

• High Speed 

Access Time 

• Low Power Dissipation 

Active Mode 

Standby Mode 

• Fast Page Mode Capability 

• 512 Refresh Cycle 

• 2 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



.1.27mm 



.85 ns/100 ns/120 ns (max) 



.4.24 mW/3.57 mW/3.02 mW (max) 
126 mW (max) 



.(8 ms) 



Part No. 


Access Time 


Package 


HB56D25636B-85 
HB56D25636B-10 
HB56D25636B-12 


85 ns 
100 ns 
120 ns 


72-pin SIP 
Socket Type 



■ PIN OUT 
















0128-1 




O 

s„„ 




O 




IDD 

M pin 


DD/^DD 


DD 




36 pin ^ ^ 37 pin 


72 pin / 



Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 
Name 


1 


v S s 


37 


DQ17 


2 


DQo 


38 


DQ35 


3 


DQl8 


39 


v S s 


4 


DQi 


40 


CAS0 


5 


DQl9 


41 


CAS2 


6 


DQ 2 


42 


CAS3 


7 


DQ 2 


43 


CAST 


8 


DQ 3 


44 


RAS0 


9 


DQ21 


45 


NC 


10 


Vcc 


46 


NC 


11 


NC 


47 


WE 


12 


A 


48 


NC 


13 


Ai 


49 


DQ 9 


14 


A 2 


50 


DQ 27 


15 


A3 


51 


DQ10 


16 


A 4 


52 


DQ28 


17 


A 5 


53 


DQn 


18 


A 6 


54 


DQ 29 


19 


NC 


55 


DQ12 


20 


DQ 4 


56 


DQ30 


21 


DQ22 


57 


DQ13 


22 


DQ 5 


58 


DQ31 


23 


DQ23 


59 


Vcc 


24 


DQ 6 


60 


DQ32 


25 


DQ 2 4 


61 


DQ 14 


26 


DQ 7 


62 


DQ33 


27 


DQ 25 


63 


DQ15 


28 


A 7 


64 


DQ34 


29 


NC 


65 


DQl6 


30 


Vcc 


66 


NC 


31 


A 8 


67 


PDi 


32 


NC 


68 


PD 2 


33 


NC 


69 


PD 3 


34 


RAS2 


70 


PD 4 


35 


DQ26 


71 


NC 


36 


DQ 8 


72 


v S s 



842 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HB56D25636 Series 



■ BLOCK DIAGRAM 



•D0-D7 :HM514256JP 
M0-M3 : HM51256CP 



ra§6V 
5a§6»- 



DQO 
DQ1 
DQ2 
DCS 



DQ4 
DQ5 
DQ6 
DQ7 



DQ8 •- 

cas7«- 



DQ9 •- 
DQ10«- 
DQ11«- 
DQ12»- 



DQ13»- 
DQ14»- 
DQ15»- 
DQ16»- 



RA§2« 



CA§2»- 

DQ18»- 
DQ19»- 
DQ20»- 
DQ21»~ 



DQ22«- 
DQ23»~ 
DQ24»- 
DQ25»- 



DQ26»- 
CAS3«- 



DQ27»- 
DQ28«- 
DQ29»- 
DQ30»- 



DQ31»- 
DQ32«- 
DQ33«~ 
DQ34«- 



DQ35»- 



A0-A8 •- 

WE •- 
Vcc *- 



Vss 



1/01 CAS RAS 

I/02 

I/03 DO 

1^04 

OE 



1 



1/01 CAS RAS 

I/02 

I/03 D2 

I/04 

OE 



CAS RAS 

Din/out MO 



1/01 CAS RAS 

I/02 

1/03 D4 

1/04 

OE 



1/01 CAS RAS 

I/02 

I/03 D6 



OE 



CAS RAS 
Din/out M1 



1/01 CAS RAS 

1/02 

1/03 D1 

1/04 

OE 



-L 



1/01 CAS RAS 

I/02 

I/03 D3 

1/04 

OE 



CAS RAS 

Din/out M2 



Wb 



1/01 CAS RAS 

1/02 

1/03 D5 

1/04 

OE 



dsiT 



"L 



1/01 CAS RAS 

1/02 

1/03 D7 

1/04 

OE 



CAS RAS 

Din/out M3 



-♦D0~D7,M0~M3 
-— D0~D7,M0~M3 

-»-D0~D7.M0~M3 



- C0~C11 



-D0-D7, M0-M3 
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HB56D25636 Series 



PHYSICAL OUTLINE 



R1.57 
R 0.062 \ 



0.08 
5.35. 





1 5647 O054 \aoT lyp / 

Note: The plating of the contact finger is gold. 



Detail A 



85 ns 






100 ns 




♦ »l 



mnnnnmJMJhm 



120 ns 






nmnnnmnnnnnnn 



H 



Detail B 



n\ 




2.54 min. 






t 0.25 max. 


0.100 






1.07 max. 






0.042 







844 



<§> HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HB56D25636 Series 



PIN DESCRIPTION 



PRESENCE DETECT PIN ARRANGEMENT 



Pin Name 


Function 


Ao-A 8 


Address Input 


Ao-A 8 


Refresh Address Input 


DQO-DQ35 


Data-in/Data-out 


CAS0,CAS3 


Column Address Strobe 


RAS0,RAS2 


Row Address Strobe 


WE 


Read/Write Enable 


v C c 


Power Supply ( + 5V) 


v S s 


Ground 


PD!-PD 4 


Presence Detect Pin 


NC 


Non-Connection 



Pin No. 


Pin Name 


HB56D25636B 


85 ns 


100 ns 


120 ns 


67 


PDi 


v S s 


v S s 


v S s 


68 


PD 2 


NC 


NC 


NC 


69 


PD 3 


NC 


v S s 


NC 


70 


PD 4 


v S s 


v S s 


NC 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin 


(Input) 


Vin 


-1.0 to +7.0 


V 


Relative to Vgg 


(Output) 


V OUT 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vgs 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


W 


50 


mA 


Power Dissipation 


p T 


12 


W 


Operating Temperature 


Topr 


to + 70 


°c 


Storge Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.75 


5.0 


5.25 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


ViL 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vss- 
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HB56D25636 Series 



• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±5%, V S s = OV) 





Symbol 


HB56D25636B 


Unit 


Test Conditions 




Parameter 


-85 


-10 


-12 


Note 




Min 


Max 


Min 


Max 


Min 


Max 




Operating Current 


!CC1 


— 


808 


— 


680 


— 


576 


mA 


tRc = Min 


1,2 


Standby Current 


*cc2 


- 


24 


- 


24 


- 


24 


mA 


TTL Interface RAS, 
CAS = V IH , 
D out = High-Z 




- 


12 


- 


12 


- 


12 


mA 


CMOS Interface RAS, 
CAS ;> v cc - 0-2V, 
D out = High-Z 




RAS Only 

Refresh Current 


!CC3 


- 


808 


- 


680 


- 


576 


mA 


tRC = Min 


2 


Standby Current 


J CC5 


- 


64 


- 


64 


- 


64 


mA 


RAS = V IH , 
CAS = V IL , 
D out == Enable 


1 


CAS Before RAS 

Refresh Current 


ICC6 


- 


768 


- 


660 


- 


556 


mA 


tRC = Min 




Page Mode 
Current 


!CC7 


- 


764 


- 


680 


- 


576 


mA 


tpc = Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V in £ 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


jmA 


0V < V out < 7V, 
D out = Disable 




Output High 
Voltage 


V H 


2.4 


v C c 


2.4 


Vcc 


2.4 


Vcc 


V 


High I out = - 5 mA 




Output Low 
Voltage 


Vol 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 





Notes: 1. I^c depends on output load condition when the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vjl. 

3. Address can be changed once or less while CAS = Vjh. 

• Capacitance (T A = 25°C, V C c = 5V ± 5%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


88 


pF 


1 


Input Capacitance (WE) 


C12 


— 


104 


pF 


1 


Input Capacitance (RAS) 


Q3 


— 


57 


pF 


1 


Input Capacitance (CAS) 


C14 


— 


36 


pF 


1 


Output Capacitance 

(DQ0-DQ7, DQ 9 -DQ 16 , DQ 18 -DQ 25 , DQ27-DQ34) 


Q/01 


- 


17 


pF 


1,2 


Output Capacitance 
(DQ 8 ,DQi 7 ,DQ26,DQ 35 ) 


Q/02 


- 


22 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 
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HB56D25636 Series 



• AC Characteristics (T A = to 
Read, Write and Refresh Cycle 



+ 70°C, V C c = 5V ±5%, V S s = 0V)L 12 

(Common Parameters) 



Parameter 


Symbol 


HB56D25636B-85 


HB56D25636B-10 


HB56D25636B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


160 


— 


190 


— 


220 


— 


ns 




RAS Precharge Time 


tRP 


70 


— 


80 


— 


90 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 





— 


ns 




Column Address Hold Time 


*CAH 


20 


— 


20 


— 


25 


— 


ns 




Column Address Hold Time to RAS 


*AR 


60 


— 


75 


— 


90 


— 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


45 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tcSH 


85 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


*REF 


— 


8 


— 


8 


— 


8 


ns 


15 


Read Cycle 


Parameter 


Symbol 


HB56D25636B-85 


HB56D25636B-10 


HB56D25636B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


85 


— 


100 


— 


120 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


25 


— 


25 


— 


30 


ns 


3,4 


Access Time from Address 


*AA 


— 


40 


— 


45 


— 


55 


ns 


3,5 


Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tQFF 





20 





25 





30 


ns 


6 


Refresh Cycle 


Parameter 




HB56D25636B-85 


HB56D25636B-10 


HB56D25636B-12 


Unit 


Note 


Symbol - 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


15 


— 


15 


— 


15 


— 


ns 
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HB56D25636 Series 
Write Cycle 



Parameter 


Symbol 


HB56D25636B-85 


HB56D25636B-10 


HB56D25636B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


20 


— 


25 


— 


30 


— 


ns 




Write Command Hold Time to RAS 


*WCR 


65 


— 


80 


— 


95 


— 


ns 




Write Command Pulse Width 


*WP 


15 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


20 


— 


20 


— 


25 


— 


ns 


11 


Data-in Hold Time to RAS 


tDHR 


60 


— 


75 


— 


90 


— 


ns 




Fast Page Mode Cycle 


Parameter 


Symbol 


HB56D25636B-85 


HB56D25636B-10 


HB56D25636B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


*CP 


10 


— 


15 


— 


20 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


80 


100000 


100 


100000 


120 


100000 


ns 


13 


Access Time from CAS Precharge 


Ucp 


— 


50 


— 


50 


— 


60 


ns 


14 


RAS Hold Time from CAS Precharge 


tRHCP 


50 


— 


50 


— 


60 


— 


ns 





Notes: 



1. AC measurements assume tx = 5 ns. 

2. Assumes that tRCD ^ tRCD ( max ) anc * tRAD ^ tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 

4. Assumes that t RC D ^ t RC D (max), tRAD ^ tRAD (max). 

5. Assumes that t RCD < t RC D (max), tRAD * tRAD (max). 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vih (min) and Vtl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vtl. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD i s greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD i s greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. Early write cycle only (t\ycs - *WCS (min)). 

11. These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of 100 juts is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles cont aining RAS clock such as RAS only refresh). 

13. tRASC defines RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or tcAC or ^ACP- 

15. tREF defines is 512 refresh cycles. 
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HB56D25636 Series 



I TIMING WAVEFORMS 
Read Cycle 



RAS 



CAS 



\ 



*ASR^ 



Address 



^< 



Jrc 



tRAS 



tRCP 



tcSH 



« tRAH H 



\ /' 



tRAD 



tASC 

— ^. 



Row 



;^< 



^ tRSH 



tCAS 



,tcAH 
tRAL 



;^"\ 



Column 



tAR 



WE V///////////// 



^BQS^ 



Dout 



Din 



tRP ^ 



tCRP 



X 




tCAC 



tAA 



tRAC 



'6 



tRCH 



Jrrh 



W/////////A 



tOFF 



<: 



Valid 
Output 



High-Z 



£222 : Don't care 




HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 849 



HB56D25636 Series 
• Early Write Cycle 



RAS 



CAS 



K 



tASR^ 



Address 



^ 



tRC 



tRAS 



tRCD 



tCSH 



< tRAH H 



tASC 



\ / 



tRAD 



Row 



>^: 



twCR 



tRSH 



tCAS 



w ^ *RP ^ 



tCRP 



tCAH 
tRAL 



X 



Column 



twcs^ 



- V///////////////K 



tDHR 



tDS 



Dout 
Din 



y//////////////A777, 



'/. 



twCH 

«* — *- 



twp 



M- 



' ///////////////////, 



w////////////» ctgr &///////////0zvz?. 



High-Z 



X////\ '- Do ^ ca re 
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HB56D25636 Series 



• RAS Only Refresh Cycle 



RAS 



CAS 



Address 



Dout 



K 



tCRPp*-*- 



tASR 



tRC 



tRAS 



^ tRP _ 



tRPC 



V///////// 



z 



Row 



tRAH 



W//////////////////////////////Z7, 



v. 



High-Z 



1 WE : Don't care 

2 Y////X : Don,t care 



» CAS Before RAS Refresh Cycle 



RAS 



CAS 



tRPC 



\ 



tcSR 



tRC 



\ 



tRAS 



^tCHR^. 



/ 



X 



tRP 



tRPC 



. <7Zm>>K 



1 Address, Din: Don't care 

2 Dout: High-Z 

3 \////\ : Dont care 
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HB56D25636 Series 



• Fast Page Mode Read Cycle 



RAS 



CAS 



! ASR, 



tRASC 



tcSH 



tRCD 



tRAD 



» 



tASC 



tRCS. 



^™* 



^ l CP _ i_ 



tCAH 



WE W////////A ? 



Dout 
Din 



J_ tRCH 



tASC^ 



Address / X *" j ^ ^ Column 1, K<^^ 



Jcac^ 



tAA 



tRAC 



tpc 



tcAS^ 



tCAH 



tRHCP 



Use, 



1 fRCH 
tRCS 



wis: 

- ' Ucp I 



tQFF 



*iaau 



>^\ 



JCAS 



tRAL 

tCAH 

«* *• 



W 



J tRCS 



tRP 



/ 



tCRP 



tCAC . 



tAA 



tACP 



tQFF 



j< Valid \ / Valid V j e Valid M V 

\ Output 1 ^ ~— - ^ Output2 , f S{ c Output N ^ 



tRRH 



yz. 



tOFF 



Htf* 



Y////X ' Donl care 
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HB56D25636 Series 



• Fast Page Mode Early Write Cycle 



RAS 



CAS 



tASR 



tRASC 



tcSH 



tRCD 



tRAD 



!m~ 



tASC 



Din 



twcs 



WE V////////M 



^JCAS, 



tCAH 

■< ** 



tcp 



tos , 



tASC, 



Address fy [ Row ") ^^( , Column 1, ^^j ^Column 2 , )$/fa ^Column ^ &//////// 



twcs^ 



twCH 

< *■ 

twp> 



A. 



;*m; 



tpc 



Jcas, 



KJ™w^\ Y 



tCAH 

-* *■ 



tps^ 



d- ^///^//^ rsT^<r^Br>^f3Br ^??^ 



tASC, 



twcs 



twCH 

< *■ 



tyyp^ 



tDH 



;^; 



. ! RSH. 



tCAS 



tRP 



tCRP 



tCAH 
-* >■ 



tpa. 



twCH 

< ► 



tyyp^ 



tDH 



' jmw?. 



High-Z 



g^: Dor* care 
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HB56D51236 Series 

524,288-Word x 36-Bit High Density Dynamic RAM Module 

■ DESCRIPTION 

The HB56D51236B is a 512k x 36 dynamic RAM module, mounted 16 pieces of 
1 Mbit DRAM (HM514256JP) sealed in SOJ package and 8 pieces of 256k-bit 
DRAM (HM51256CP) sealed in PLCC package. An outline of the HB56D51236B is 
72-pin single in-line package. Therefore, the HB56D51236B makes high density 
mounting possible without surface mount technology. The HB56D51236B provides 
common data inputs and outputs. Decoupling capacitors are mounted beneath each 
SOJ and PLCC but only on the one side of its module board. 

■ FEATURES 

• 72-pin Single In-line Package 

Lead Pitch 1 .27mm 

• Single 5V (±5%) Supply 

• High Speed 

Access Time 85 ns/100 ns/120 ns (max) 

• Low Power Dissipation 

Active Mode 4.58W/3.91 W/3.36W (max) 

Standby Mode 252 mW (max) 

• Fast Page Mode Capability 

• 512 Refresh Cycle (8 ms) 

• 2 V ariatio ns of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HB56D51236B-85 


85 ns 




HB56D51236B-10 


100 ns 


72-pin SIP 
Socket Type 


HB56D51236B-12 


120 ns 



■ PIN OUT 
















0129-1 




O 

s 




O 




loo 

M pin 


00/^00 


OD 




36 pin ^ \ 37 pin 


72 pin / 



Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 

Name 


1 


v S s 


37 


DQ17 


2 


DQo 


38 


DQ35 


3 


DQl8 


39 


v S s 


4 


DQi 


40 


CAS0 


5 


DQ19 


41 


CAS2 


6 


DQ 2 


42 


CAS3 


7 


DQ20 


43 


CAST 


8 


DQ 3 


44 


RAS0 


9 


DQ21 


45 


RAST 


10 


v C c 


46 


NC 


11 


NC 


47 


WE 


12 


A 


48 


NC 


13 


Ai 


49 


DQ 9 


14 


A 2 


50 


DQ27 


15 


A3 


51 


DQ10 


16 


A 4 


52 


DQ28 


17 


A 5 


53 


DQn 


18 


A 6 


54 


DQ29 


19 


NC 


55 


DQ12 


20 


DQ 4 


56 


DQ30 


21 


DQ22 


57 


DQ13 


22 


DQ 5 


58 


DQ31 


23 


DQ23 


59 


v C c 


24 


DQ 6 


60 


DQ32 


25 


DQ 24 


61 


DQ14 


26 


DQ 7 


62 


DQ33 


27 


DQ25 


63 


DQ15 


28 


A 7 


64 


DQ34 


29 


NC 


65 


DQ16 


30 


v C c 


66 


NC 


31 


A 8 


67 


PDi 


32 


NC 


68 


PD 2 


33 


RAS3 


69 


PI>3 


34 


RAS2 


70 


PD 4 


35 


DQ26 


71 


NC 


36 


DQ 8 


72 


v S s 
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HB56D51236 Series 



BLOCK DIAGRAM 



RAS0 «- 
CASO»- 

DQO •- 

DQ1 •- 

DQ2 •- 

DQ3 •- 



DQ4 
0O5 
DQ6 
DQ7 



DQ8 •- 
CAS?»- 



DQ9 •- 
DQ10»- 
DQ11»- 
DQ12»- 



DQ13»- 
DQ14»- 
DQ15»- 
DQ16»- 



DQ17»- 



DQ22»- 
DQ23»- 
DQ24»- 
DQ25»- 



DQ26»- 
CAS3»- 



DQ27»- 
DQ28«- 
DQ29»- 
DQ30»- 



DQ31«- 
DQ32»- 
DQ33«- 
DQ34»- 



DQ35»- 



A0-A8 •- 
WE* •- 
Vcc ♦- 



Vss 



*D0~ 
M0~ 



D15: HM514256JP 
M7: HM51256CP 



1/01 CAS RAS 

I/02 

I/03 DO 

1/04 

OE 



mk 



1/01 CAS RAS 

1/02 

1/03 D3 

J/04 

OE 



CAS RAS 
Din/out M0 



1/01 CAS RAS 

I/02 

I/03 D4 

i/04 

OE 



1& 



1/01 CAS RAS 

I/02 

i/03 D7 

i/04 

OE 



CAS RAS 
Din/out M2 



1/01 CAS RAS 

1/02 

1/03 D8 

1/04 

OE 



1/01 CAS RAS 

I/02 

I/03 D11 

J/04 

OE 



CAS RAS 
Din/out M4 



1& 



1/01 CAS RAS 

1/02 

1/03 D12 

1/04 

OE 



1/01 CAS RAS 

i/02 

I/03 D15 

I/04 

OE 



CAS RAS 
Din/out M6 



— D0-D15, M0-M7 
-— D0~D15,M0~M7 

-"►D0-D15, M0-M7 



~C0~C11 



— D0~D15,M0~M7 



1/01 RAS CAS 

I/02 

i/03 D1 

i/04 

OE 



-•RAS1 



1/01 RAS CAS 

i/02 

1/03 D2 

1^04 

OE 



RAS CAS 
Din/out M1 



1/01 RAS CAS 

i/02 

1/03 D5 

1/04 

OE 



mk 



1/01 RAS CAS 

1/02 

i/03 D6 

1/04 

OE 



RAS CAS 
Din/out M3 



1/01 RAS CAS 

i/02 

1/03 D9 

1/04 

OE 



1 



1/01 RAS CAS 

1/02 

i/03 010 

i/04 

OE 



RAS CAS 
Din/out M5 



1/01 RAS CAS 

i/02 

i/03 D13 

i/04 

OE 



1/01 RAS CAS 

i/02 

i/03 D14 

i/04 

OE 



RAS CAS 
Din/out M7 
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HB56D51236 Series 



PHYSICAL OUTLINE 



*+M 





\A. JL1M ~ L2Z2 (h2L Wp ) 

0.047 0.054 \0.05 yP / 



Note: The plating of the contact finger is gold. 



"ID 




A 



Detail A 



85 ns 



iyy 



irnirnfflffm 



100 ns 



yy 



[fflMKll 




120 ns 



UL^ 



jm 



Detail B 



<Ffi 


t 0.25 max. 


2.54 min. 






0.100 






1.07 max. 






0.042 




0129-5 
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HB56D51236 Series 



PIN DESCRIPTION 



Pin Name 


Function 


A -A 8 


Address Input 


A -A 8 


Refresh Address Input 


DQO-DQ35 


Data-in/Data-out 


CAS0-CAS3 


Column Address Strobe 


RAS0-RAS3 


Row Address Strobe 


WE 


Read/Write Enable 


v C c 


Power Supply ( + 5V) 


v S s 


Ground 


PD!-PD 4 


Presence Detect Pin 


NC 


Non-Connection 



■ PRESENCE DETECT PIN OUT 






Pin No. 


Pin Name 


HB56D51236B 


85 ns 


100 ns 


120 ns 


67 


PDi 


NC 


NC 


NC 


68 


PD 2 


v S s 


v S s 


v S s 


69 


PD 3 


NC 


v S s 


NC 


70 


PD 4 


v S s 


v S s 


NC 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vgs 


(Input) 


Vfa 


-1.0 to +7.0 


V 


(Output) 


V ut 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vgs 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


!out 


50 


mA 


Power Dissipation 


P T 


12 


W 


Operating Temperature 


Topr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions 0a = to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.75 


5.0 


5.25 


V 


1 


Input High Voltage 


Vih 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


Vil 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vss- 
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HB56D51236 Series 



• DC Electrical Characteristics (T A = to + 70°C, Vcc 


= 5V ±5% 


, v ss = 0V) 








Parameter 


Symbol 


HB56D51236B-85 


HB56D51236B-10 


HB56D51236B-12 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


!CC1 


— 


872 


— 


744 


— 


640 


mA 


tRC = Min 


1,2 


Standby Current 


r CC2 


- 


48 


- 


48 


- 


48 


mA 


TTL Interface 
RAS, CAS = V IH , 
D out = High-Z 




- 


24 


- 


24 


- 


24 


mA 


CMOS Interface RAS, 
CAS > V cc - 0.2V, 
Dout = High-Z 




RAS Only 

Refresh Current 


J CC3 


- 


872 


- 


744 


- 


640 


mA 


t RC = Min 


2 


Standby Current 


Jccs 


- 


128 


- 


128 


- 


128 


mA 


RAS = V IH , 
CAS = V IL , 

D out = Enable 


1 


CAS Before RAS 

Refresh Current 


ICC6 


- 


832 


- 


724 


- 


620 


mA 


tRc = Min 




Page Mode 
Current 


J CC7 


- 


828 


- 


744 


- 


640 


mA 


tpc = Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V in < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


jutA 


0V < V out < 7V, 
D out = Disable 




Output High 
Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


High I out = - 5 mA 




Output Low 
Voltage 


Vol 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice (max) is specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vjl. 

3. Address can be changed once or less while CAS = Vm- 

• Capacitance (T A = 25°C, V C c = 5V ±5%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


161 


pF 


1 


Input Capacitance (WE) 


C12 


— 


193 


pF 


1 


Input Capacitance (RAS, CAS) 


C13 


— 


62 


pF 


1 


Output Capacitance (DQ0-7, DQ9_i6, DQig-25, DQ27-34) 


Ci/oi 


— 


29 


pF 


1,2 


Output Capacitance (DQs > 17, 26, 35) 


Cl/02 


— 


39 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 
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HB56D51236 Series 



• AC Characteristics (T A = to +70°C, V C c = 5V ±5%, V S s = 0V)1. 12 
Read, Write and Refresh Cycle (Common Parameters) 



Parameter 


Symbol 


HB56D51236B-85 


HB56D51236B-10 


HB56D51236B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


160 


— 


190 


— 


220 


— 


ns 




RAS Precharge Time 


tRP 


70 


— 


80 


— 


90 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


Use 





— 





— 





— 


ns 




Column Address Hold Time 


*CAH 


20 


— 


20 


— 


25 


— 


ns 




Column Address Hold Time to RAS 


*AR 


60 


— 


75 


— 


90 


— 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


45 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tCSH 


85 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


8 


— 


8 


— 


8 


ns 


15 


Read Cycle 


Parameter 


Symbol 


HB56D51236B-85 


HB56D51236B-10 


HB56D51236B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


*RAC 


— 


85 


— 


100 


— 


120 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


25 


— 


25 


— 


30 


ns 


3,4 


Access Time from Address 


<AA 


— 


40 


— 


45 


— 


55 


ns 


3,5 


Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tOFF 





20 





25 





30 


ns 


6 


Write Cycle 


Parameter 


Symbol 


HB56D5 


1236B-85 


HB56D5 


1236B-10 


HB56D51236B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twes 





— 





— 





— 


ns 


10 


Write Command Hold Time 


t\VCH 


20 


— 


25 


— 


30 


— 


ns 




Write Command Hold Time to RAS 


twCR 


65 


— 


80 


— 


95 


— 


ns 




Write Command Pulse Width 


t W p 


15 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


20 


— 


20 


— 


25 


— 


ns 


11 


Data-in Hold Time to RAS 


tDHR 


60 


— 


75 


- 


90 


- 


ns 
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HB56D51236 Series 
Refresh Cycle 



Parameter 


Symbol 


HB56D51236B-85 


HB56D51236B-10 


HB56D51236B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tCSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


15 


— 


15 


— 


15 


— 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HB56D51236B-85 


HB56D51236B-10 


HB56D51236B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


15 


— 


20 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


80 


100000 


100 


100000 


120 


100000 


ns 


13 


Access Time from CAS Precharge 


*ACP 


— 


50 


— 


50 


— 


60 


ns 


14 


RAS Hold Time from CAS Precharge 


tRHCP 


50 


— 


50 


- 


60 


- 


ns 





Notes: 1. AC measurements assume tx = 5 ns. 

2. Assumes that tRCD ^ *RCD (max) and tRAD - *RAD (max). If tRCD or *rad * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that tRCD - *RCD ( max ) anc * tRAD - *RAD (max). 

5. Assumes that tRCD ^ *RCD ( max ) anc * *RAD ^ tRAD (max). 

6. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vjl- 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. Early write cycle only (twcs - t\ycs (min)). 

11. These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of 100 ju s is required a fter p ower up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 

13- tRASC defines RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or tCAC or *ACP- 

15. tREF is defined as 512 refresh cycles. 



860 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HB56D51236 Series 



I TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS 



\ 



tosFL 



Address 



vx. 



Jrc 



tRAS 



*RCP 



tcSH 



^JRAH^. 



\ / 



tASC 



tRAD 



Row 



>m*L 



tRSH 



tCAS 



tCAH 



tn 

tRAL 



K — \. 

tRP 



Column 



tAR 



WE '////////////// 



JRCS^ 



Dout 
Din 



tCRP ^ 



X 




tCAC 



tAA 



tRAC 



Z 



tRCH 



J.RRH 



W/////////A 



tQFF 



j' Valid \ 

V Output 3 ? 



High-Z 



Y////X : Don't care 
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HB56D51236 Series 
• Early Write Cycle 



RAS 



CAS 



\ 



*ASFL 



Address 



WE 



Jrc 



Jras 



tRCP 



tcSH 



tRAH , 



tASC 



\ 



« ^AQ ^ 



tRSH 



tCAS 



/ 



tRP 
^ Lil- — >~ 



tCRP 



tcAH 



tRAL 



X 



^ tWCR _• 



twcs^ 



y///////////////£ 



tDHR 



tDS 



tWGH 



twp 



JD^ 



' ///////////////////, 



DOU, V//////////////X ^T /////////////////////, 



Din 



High-Z 



\////\ : Don't care 
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HB56D51236 Series 



• RAS Only Refresh Cycle 



RAS 



CAS 



\ 



tCRPp«- 



tASR 



tRC 



tRAS 



:r-x 

^ tRP ^ 



^tRPC 



V///////// 



z 



tRAH 



a^ WX^ tfV/////////////////////////////^ 



Dout 



High-Z 



1 WE : Don't care 

2 X////X • Donl care 



• CAS Before RAS Refresh Cycle 



RAS 
CAS 



tRPC 



\ 



tcSR 



tRC 



tRAS 



\ / 



.tCHR. 



tRP 



X 



tRPC 



, <W7Z>> , 



1 Address, Din: Don't care 

2 Dout: High-Z 

3 \////\ : Don't care 
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HB56D51236 Series 

• Fast Page Mode Read Cycle 



RAS 



CAS 



tASR, 



tRASC 



tcSH 



*RCD 



«J 



tRAD ^ | 



tASC 



tRCS^ 



JS!B+ 



TW^V^X 



tCAH 



WE 

Dout 
Din 



'//////////A t 



J_ tRCH 



tCP 



tASC, 



Address / X Row &^^ lumn ^ %^ fo^^ 



J™± 



tAA 



tRAC 



tpc 



^QAS^ 



tCAH 

■* *• 



tRHCP 



Use, 



Trch 




tRCS 



J^H 



^AA 



tACP 



tOFF 



tRSH, 






tCAS 



tRAL 
tCAH 



/ 



tCRP 



77/ S* 




I tRCS 



^tCAC^ 



tAA 



tACP 



JOFF 



y Valid \ 1* Valid \ / Valid \ 

* i Output 1 J ' K Output2 M f \ OutputN 7 ? 



tRRH 



VZ. 



tOFF 



High-Z 



Y///X : Don't care 
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HB56D51236 Series 



• Fast Page Mode Early Write Cycle 



RAS 



CAS 



\ 



*ASR 



tRASC 



tcSH 



tRCD 



Jrad 



«s*w 



tASC 



twcs 



WE V////////M 



tCAS 



tCAH 

■< *• 



tcp 



tos , 



tASC^ 



Address ^ ' Row ) i^/fri ^ Column 1 > ^/^ .Column 2 , ^/^ y Column ^ &/////// / 



twcs^ 



twCH 



tWP^ 



tDH 



:^: 



tpc 



JCAS^ 



TW^^J^s. / 



tCAH 



tqs^ 



d- w////c si@i^)Ma WM 



tASC, 



twcs 



twCH 



twp> 



tDH 



:^; 



*iesH^ 



*CAS 



:^^ 



*RP 

< — » . 



tCRP 



tCAH 



tps^ 



JWCH 

tyyp. 



tDH 

-* — *- 



;^^ 



Din 



High-Z 



ES^iDonlcare 
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HB56D136B Series 



1,048,576- Word x 36-Bit High Density Dynamic RAM Module 

■ DESCRIPTION 

The HB56D136B is a 1M x 36 dynamic RAM module, 
mounted 8 pieces of 4 Mbit DRAM (HM514400JP) sealed in 
SOJ package and 4 pieces of 1 Mbit DRAM 
(HM511000AJP) sealed in SOJ package. An outline of the 
HB56D136B is 72-pin single in-line package. Therefore, the 
HB56D136B makes high density mounting possible without 
surface mount technology. The HB56D136B provides com- 
mon data inputs and outputs. Decoupling capacitors are 
mounted beneath each SOJ. 

■ FEATURES 

• 72-pin Single In-line Package 

Lead Pitch 1 .27mm 

• Single 5V (±5%) Supply 

• High Speed 

Access Time 80 ns/100 ns/120 ns (max) 

• Low Power Dissipation 

Active Mode 5.25W/4.62W/3.99W (max) 

Standby Mode 126 mW (max) 

• Fast Page Mode Capability 

• 1,024 Refresh Cycle (16 ms) 

• 2 V ariatio ns of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HB56D136B-8 


80 ns 




HB56D136B-10 


100 ns 


72-pin SIP 
Socket Type 


HB56D136B-12 


120 ns 



■ PRESENCE DETECT PIN OUT 






Pin No. 


Pin Name 


HB56D136B 


80 ns 


100 ns 


120 ns 


67 


PDi 


v S s 


v S s 


v S s 


68 


PD 2 


v S s 


v S s 


v S s 


69 


PD 3 


NC 


v S s 


NC 


70 


PD 4 


v S s 


v S s 


NC 



■ PIN OUT 




















o 




O 






lOD 

\l pin 


:_:_:ido^\Q[l:_:_ 


-I-IZDD 




36 pin^ \37 pin 


72 pin / 


)133-1 



Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 
Name 


Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 
Name 


1 


v S s 


19 


NC 


37 


DQ17 


55 


DQ 12 


2 


DQo 


20 


DQ 4 


38 


DQ35 


56 


DQ30 


3 


DQl8 


21 


DQ22 


39 


v S s 


57 


DQ13 


4 


DQi 


22 


DQ 5 


40 


CASo 


58 


DQ31 


5 


DQ19 


23 


DQ23 


41 


CAS 2 


59 


Vcc 


6 


DQ 2 


24 


DQ 6 


42 


CAS 3 


60 


DQ32 


7 


DQ20 


25 


DQ 24 


43 


CAS! 


61 


DQ14 


8 


DQ 3 


26 


DQ 7 


44 


RAS 


62 


DQ33 


9 


DQ21 


27 


DQ25 


45 


NC 


63 


DQ15 


10 


Vcc 


28 


A 7 


46 


NC 


64 


DQ34 


11 


NC 


29 


NC 


47 


WE 


65 


DQ16 


12 


A 


30 


Vcc 


48 


NC 


66 


NC 


13 


Ai 


31 


A 8 


49 


DQ 9 


67 


PD! 


14 


A 2 


32 


A 9 


50 


DQ 27 


68 


PD 2 


15 


A3 


33 


NC 


51 


DQ10 


69 


PD 3 


16 


A 4 


34 


RAS 2 


52 


DQ28 


70 


PD4 


17 


A 5 


35 


DQ26 


53 


DQn 


71 


NC 


18 


A 6 


36 


DQ 8 


54 


DQ 29 


72 


v S s 



PIN DESCRIPTION 



Pin Name 


Function 


A0-A9 


Address Input 


A0-A9 


Refresh Address Input 


DQ0-DQ35 


Data-in/Data-out 


CAS0-CAS3 


Column Address Strobe 


RAS ,RAS 2 


Row Address Strobe 


WE 


Read/Write Enable 


Vcc 


Power Supply ( + 5V) 


v S s 


Ground 


PD1-PD4 


Presence Detect Pin 


NC 


Non-Connection 
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HB56D136B Series 



BLOCK DIAGRAM 



*D0~D7 .HM514400JP 
M0-M3HM511000JP 



RASO«~ 
CASO»- 



DQO •- 
DQ1 



DQ2 •- 
DQ3 •- 



DQ4 •- 
DQ5 •- 
DQ6 •- 
DQ7 •- 



DQ9 — 
DQ10»~ 



DQ14«~ 
DQ15»- 



DQ29«- 



DQ35»— 

A0-A9 •- 
WE •- 

Vcc •- 



Vss 



1/01 CAS RAS 

1/02 

1/03 DO 

1/04 

OE 



Wk 



1/01 CAS RAS 

1/02 

1/03 D2 

1/04 

OE 



CAS RAS 
Din/out M0 



1/01 CAS RAS 



I/03 
I/04 



1/01 CAS RAS 

1/02 

1/03 D6 



CAS RAS 
Din/out M1 



1/01 CAS RAS 

1/02 

1/03 D1 

1/04 

OE 



1/01 CAS RAS 

1/02 

1/03 03 

1/04 

OE 



CAS RAS 
Din/out M2 



1/01 CAS RAS 

1/02 

1/03 D5 

1/04 

OE 



1/01 CAS RAS 

1/02 

1/03 D7 



CAS RAS 
Din/out M3 



-DO~D7,M0~M3 



— D0-D7.M0-M3 
^D0~D7, M0-M3 



—-D0~D7. M0-M3 
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HB56D136B Series 



PHYSICAL OUTLINE 



107.9S 



4.25 
101,19 




F — IE — IE — I 



mmnnmimmmnmmrm 



Detail A 



HDD 
(ED 




j 
i 



ODD 
HDD 




i 



ODD 
GOD 





Unit: 




5.28 max, 



0.208 




1.27typ. 



0.05 





Detail B 




TO 


t 0.25 max. 


2.54 min. 






0.100 






1.07 max. B 








0.042 







Note: The plating of the contact finger is gold. 
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HB56D136B Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin 


(Input) 


V in 


-1.0 to +7.0 


V 


Relative to Vgs 


(Output) 


V ut 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§s 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


12 


W 


Operating Temperature 


*opr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



I ELECTRICAL CHARACTERISTICS 
Recommended DC Operating Conditions (T A = to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




Vcc 


4.75 


5.0 


5.25 


V 


1 


Input High Voltage 


ViH 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


ViL 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgs- 

• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±5%, V S s = 0V) 



Parameter 


Symbol 


HB56D136B-8 


HB56D136B-10 


HB56D136B-12 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


!cci 


— 


1000 


— 


880 


— 


760 


mA 


t R c = Min 


1,2 


Standby Current 


IcC2 


- 


24 


- 


24 


- 


24 


mA 


TTL Interface 
RAS, CAS = V IH , 
D out = High-Z 




- 


12 


- 


12 


- 


12 


mA 


CMOS Interface RAS, 
CAS > V cc - 0.2V, 
D out = High-Z 




RAS Only 
Refresh Current 


!CC3 


- 


960 


- 


840 


- 


740 


mA 


tRC - Min 


2 


Standby Current 


ices 


- 


60 


- 


60 


- 


60 


mA 


RAS = V IH , 
CAS = V IL , 
D out = Enable 


1 


CAS Before RAS 
Refresh Current 


I CC6 


- 


960 


- 


840 


- 


720 


mA 


tRc = Min 




Page Mode Current 


!CC7 


— 


920 


— 


840 


— 


720 


mA 


tpc = Min 


1,3 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


jllA 


0V < V in < 7V 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V out < 7V, 
D out = Disable 




Output High Voltage 


V H 


2.4 


Vcc 


2.4 


v C c 


2.4 


Vcc 


V 


High I out = - 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 






Notes: 1. Ice depends on output load condition when the dev ice is selected. Ice max * s specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vil- 

3. Address can be changed once or less while CAS = Vth- 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 819* (41 5) 589-8300 



869 



HB56D136B Series 

• Capacitance (T A = 25°C, Vcc = 5V ±5%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


88 


pF 


1 


Input Capacitance (WE) 


C12 


— 


104 


pF 


1 


Input Capacitance (RAS) 


C13 


— 


57 


pF 


1 


Input Capacitance (CAS) 


C14 


— 


36 


pF 


1 


Output Capacitance (DQq_7, DQg.jg, DQig_25, DQ27-34) 


Q/01 


— 


17 


pF 


1,2 


Output Capacitance (DQg > \-j } 26, 35) 


C I/02 


— 


22 


pF 


1,2 



Notes: 



1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = V IH to disable D out . 



• AC Characteristics (T A = to +70°C, V C c = 5V ±5%, V S s = 0V) 1 - 12 
Read, Write and Refresh Cycle (Common Parameters) 



Parameter 


Symbol 


HB56D136B-8 


HB56D136B-10 


HB56D136B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


160 


— 


190 


— 


220 


— 


ns 




RAS Precharge Time 


tRP 


70 


— 


80 


— 


90 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


tASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 





— 


ns 




Column Address Hold Time 


*CAH 


20 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


45 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


— 


25 


— 


30 


— 


ns 




CAS Hold Time 


tcSH 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


ms 


15 


Read Cycle 


Parameter 


Symbol 


HB56D 


136B-8 


HB56D136B-10 


HB56D 


136B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


— 


120 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


25 


— 


25 


— 


30 


ns 


3,4 


Access Time from Address 


*AA 


— 


40 


— 


45 


— 


55 


ns 


3,5 


Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


*RAL 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


tQFF 





20 





25 





30 


ns 


6 
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HB56D136B Series 



Write Cycle 



Parameter 


Symbol 


HB56D136B-8 


HB56D136B-10 


HB56D136B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


t\VCH 


20 


— 


25 


— 


30 


— 


ns 




Write Command Pulse Width 


*WP 


15 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


20 


— 


20 


— 


25 


— 


ns 


11 



Refresh Cycle 




















Parameter 


Symbol 


HB56D136B-8 


HB56D136B-10 


HB56D136B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


*CSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


15 


— 


15 


— 


15 


— 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HB56D136B-8 


HB56D136B-10 


HB56D136B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


10 


— 


20 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


80 


100000 


100 


100000 


120 


100000 


ns 


13 


Access Time from CAS Precharge 


*ACP 


— 


50 


— 


50 


— 


60 


ns 


14 


RAS Hold Time from CAS Precharge 


tRHCP 


50 


— 


50 


— 


60 


— 


ns 





Notes: 1. AC measurements assume tj — 5 ns. 

2. Assumes that tRCD ^ tRCD (max) and tRAD - tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that t RC D ^ t RC D ( max ) and *RAD * tRAD (max). 

5. Assumes that tRCD ^ t RC D (max) and tRAD ^ tRAD (max). 

6. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vm and Vjl. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. Early write cycle only (twcs - twcs (min)). 

11. These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of 100 jus is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 

13. tRASC defines RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or tcAC or tACP- 

15. tREF is 1,024 refresh cycles. 
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HB56D136B Series 



■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS 



Address 



K 



tASR^ 



z»: 



Jkl. 



tRAS 



*«po 



tcSH 



„ tpAs 



\ / 



tASC 



tRAD 



I tncfi 



.tCAH 
tRAL 



tAR 



^tRCS^J 



we y//////////// / 



Dout 
Din 



:f~^v 



tCRP 



i<^^^^^ 



JAA_^ 



foe 



Hlgh-Z 



Z 



tRCH 



W////////r 



jOFf 



Output 



' Early Write Cycle 



RAS 



CAS 



Address 



WE 



Dout 
Din 



X 



tASR_ 



2< 



tRC 



***$ 



'rep 



tcSH 



H 



tASC 



\ 



tRAD 



twCR 



! RSH 



:fT> 



JCAS_ 



,* 



tCAH 
JRAL_ 



W////////////X 



tOHR 



tos, 



y ///////////////// z^ 



tWP 



v/////////////x ^3 «/////////////z m 



tCRP 



^ /////////////// ^ 



High-Z 
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HB56D136B Series 



> RAS Only Refresh Cycle 




• CAS Before RAS Refresh Cycle 



RAS 



CAS 



tRPC 






tRC 



\ 



tRAS 



y \ 

tRP 



.tRPC^ 



/22&* 



1 Address, Din: Dool car* 



2 Oout:High-Z 



4 Wg-VIH 
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HB56D136B Series 

• Fast Page Mode Read Cycle 



RAS 



CAS 

tASR 

Address o^k 



tRASC 



m tCSH 



tffCD 



tRAO 



tASC_, 



tRCS 



-*CAS. 



tCAH 



WE 

Dout 
Din 



W///////tf \gC 



tflCH 



Use. 



:»©«: 



- **" » 



tRAC 



IPC 



tcp 



- l CAS- 



Co<umn2 

T Irch 



JRHCP ^ 



l ASC. 



*®< 



tRCS 




t£ 



'ACP 



V«M 



■ 1 »sh , 



It — K 

tRP 



tCAS 



tRAL 



tCAH 



/' 



tcRF 



_ TjjRCS 



^ 0777777, 



^ !acp ^ 



^_JCfF_^ 



«' v3S3 \ j< v3S V 

T ompu2 ^ P"— ^ omputN j f 



y&. 



JOFF. 



-HiatS- 



• Fast Page Mode Early Write Cycle 



RAS 



CAS 



* ASR » 



„ tcSH 



tRCD 






Address / X "- 3 0*[ 



tASC 



twos ^ 



W///////W 



tCAS 



tCAH 



t Q&_^ 



l ASC. 



twes. 



twCH 



JSME, 



.tPH. 



;^: 



tpc 



tcp 



^tCAS^ 



tRHCP 



tCAH 



tQS. 



dou. w///////6 i rsrw M^^ 



twCH 



tASC^ 

Wvcs 



iSffi^ 



tOH 



; m r 



■ ! «SH. 



m tCAS 



>' \ 



tRP 



;p 



tCRP 



tCAH 

«« ■*- 



3 WW 



•WCH 



iffi. 



J2!V 



\ mmw , 



Din 



E%?3 :d 
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HB56D136B/S Series 

1,048,576-Word x 36-Bit High Density Dynamic RAM Module 

■ DESCRIPTION ■ PIN OUT 

The HB56D136B/SB/BR/SBR/BS/SBS is a 1M x 36 dy- 
namic RAM module, mounted 8 pieces of 4 Mbit DRAM 
(HM514400JP/AJ) sealed in SOJ package and 4 pieces of 
1 Mbit DRAM (HM511000JP) sealed in SOJ package 
(HB56D136B/SB/BR/SBR) or 4 pieces of 1 Mbit DRAM 
(HM511000ATS) sealed in TSOP package (HB56D136SB/ 
SBS). An outline of the HB56D136B/SB/BR/SBR/BS/SBS 
is 72-pin single in-line package. Therefore, the HB56D136B/ 
SB/BR/SBR/BS/SBS makes high density mounting possi- 
ble without surface mount technology. The HB56D136B/SB/ 
BR/SBR/BS/SBS provides common data inputs and out- 
puts. Decoupling capacitors are mounted beneath each SOJ 
or beside each TSOP but only on the one side of its module 
board. 

■ FEATURES 

• 72-pin Single In-line Package 

Lead Pitch 1 .27 mm 

• Single 5V (±5%) Supply 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns (max) 

• Low Power Dissipation 

Active Mode 6.51W/5.88W/5.25W/4.62W (max) 

Standby Mode 126 mW (max) 

• Fast Page Mode Capability 

• 1 ,024 Refresh Cycle (16 ms) 

• 2 V ariatio ns of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Part No. 


Access 
Time 


Package 


Contact 
Pad 


HB56D136B/BR/BS-6A 


60 ns 


72-pin SIP 
Socket Type 




HB56D136B/BR/BS-7A 


70 ns 




HB56D136B/BR/BS-8A 


80 ns 


Gold 


HB56D136B/BR/BS-10A 


100 ns 


HB56D136B/BR-8 


80 ns 




HB56D136B/BR-10 


100 ns 




HB56D136SB/SBR/SBS-6A 


60 ns 


72-pin SIP 
Socket Type 




HB56D136SB/SBR/SBS-7A 


70 ns 




HB56D136SB/SBR/SBS-8A 


80 ns 


Solder 


HB56D136SB/SBR/SBS-10A 


100 ns 


HB56D136SB/SBR-8 


80 ns 




HB56D136SB/SBR-10 


100 ns 





PRESENCE DETECT PINOUT 



Pin 


Pin 
Name 


HB56D136B/SB/BR/SBR/BS/SBS 


No. 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


67 


PD! 


v S s 


v S s 


v S s 


v ss 


v S s 


v S s 


68 


PD 2 


v S s 


v S s 


v S s 


v ss 


Vss 


Vss 


69 


PD 3 


NC 


v S s 


NC 


v ss 


NC 


Vss 


70 


PD 4 


NC 


NC 


v S s 


Vss 


Vss 


Vss 




Pin 
No. 


Pin 

Name 


Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 
Name 


1 


v ss 


19 


NC 


37 


DQl7 


55 


DQ12 


2 


DQo 


20 


DQ 4 


38 


DQ35 


56 


DQ30 


3 


DQl8 


21 


DQ22 


39 


v S s 


57 


DQ13 


4 


DQi 


22 


DQ 5 


40 


CAS0 


58 


DQ31 


5 


DQl9 


23 


DQ23 


41 


CAS2 


59 


Vcc 


6 


DQ 2 


24 


DQ 6 


42 


CAS3 


60 


DQ32 


7 


DQ 20 


25 


DQ 24 


43 


CAST 


61 


DQ14 


8 


DQ 3 


26 


DQ 7 


44 


RAS0 


62 


DQ33 


9 


DQl9 


27 


DQ25 


45 


NC 


63 


DQ15 


10 


v C c 


28 


A 7 


46 


NC 


64 


DQ34 


11 


NC 


29 


NC 


47 


WE 


65 


DQ16 


12 


Ao 


30 


v C c 


48 


NC 


66 


NC 


13 


Ai 


31 


A 8 


49 


DQ 9 


67 


PD t 


14 


A 2 


32 


A 9 


50 


DQ27 


68 


PD 2 


15 


A3 


33 


NC 


51 


DQ10 


69 


PD 3 


16 


A 4 


34 


RAS2 


52 


DQ28 


70 


PD 4 


17 


A 5 


35 


DQ26 


53 


DQn 


71 


NC 


18 


A 6 


36 


DQ 8 


54 


DQ 29 


72 


v S s 



PIN DESCRIPTION 



Pin Name 


Function 


A0-A9 


Address Input 


A0-A9 


Refresh Address Input 


DQ0-DQ35 


Data-in/Data-out 


CAS0-CAS3 


Column Address Strobe 


RAS0-RAS3 


Row Address Strobe 


WE 


Read/Write Enable 


Vcc 


Power Supply ( + 5V) 


v S s 


Ground 


PD1-PD4 


Presence Detect Pin 


NC 


No Connection 
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HB56D136B/S Series 
■ BLOCK DIAGRAM 



*D0-D7: HM51400JP/AJ 
M0-M3: HM511000JP/ATS 



MS«- 



CAS0«- 



000 

DQ1 
DQ2 
DQ3 



DQ4 •- 
005 ♦- 
DQ6 ♦- 

0Q7 ♦- 



0Q8 •- 

casT*- 



009 •- 
DQ10*- 
DQ11#- 
DQ12*- 



DQ13«- 
DQ14#- 
DQ15*- 
DQ16#- 



DQ17*- 



RAS2«- 
CAS2*- 



DQ18«~ 
DQ19«- 
DQ20*- 
DQ21*- 



DQ22«- 
DQ23»- 
DQ24»- 
DQ25«- 



DQ26«- 



CAS3«- 



DQ27*- 



DQ29»- 
DQ30*- 



0Q31»- 
DQ32»- 
DQ33*- 
DQ34«- 



DQ35«- 



A0-A9 ♦- 

wf ♦- 
Vcc ♦- 

V$s •- 



^m 



i/oi caT raT 

1/02 

»/03 DO 

1/04 

OE 



m. 



1/01 CAS RAS 

1/02 

1/03 02 

t/04 

OE 



J_ 



I CAS RAS 
-| Din/out MO 



^ 



1/01 CAS RAS 

1/02 

1/03 04 

1/04 

OE 



I IOE 



1/01 CAS RAS 

1/02 

1/03 06 

1/04 



CAS RAS 
Dm/out M1 



&\ 



1/01 CAS RAS 

1/02 

1/03 01 

of 



^k r 



x 



1/01 CAS RAS 

I/02 

1/03 03 

1/04 

OE 



CAS RAS 
Din/out M2 



?k „ 



I 



1/01 CAS RAS 

1/02 

1/03 05 

1/04 

OE 



H2L 



1/01 CAS RAS 

1/02 

1/03 07 

1/04 



CAS RAS 
Din/out M3 



-*-DO~D7.MO~M3 



-►00-07, M0-M3 

^00-07, M0-M3 

IC0-C11 

►D0-D7, M0-M3 
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I PHYSICAL OUTLINE 
> HB56D136B/SB 



HB56D136B/S Series 

mm 



Unit: 



inch 



107.95 



z 


-*h 


175 
125 






\ 


^ 


1 . 57 





0.062 



2 . 3 *° 1C 



0.08, 



A. 25 

101.19 



3.984 



i f 



iDUUDDDD 





5.28 max 



0.208 



44 45 



-Detail A 



Detail B 



100 | 

T 


& 


T C25mai 






,37 7"' >\ i 


"«-• 



Note: Following the specification of the contact pads. 



*> 



Iff 



-* 

1-27 ty P> 



0.05 



60ns 


70ns 


80ns 


100ns 


J M 


J M 

J hod 


J HOD 


J ED31 



Part No. 


Contact Pad 


HB56D136B-XX 


Gold 


HB56D136SB-XX 


Solder 
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HB56D136B/S Series 



I PHYSICAL OUTLINE 
> HB56D136BR/SBR 



Unit: : 



inch 



107.95 



2-0 



3.175 
0.125 



R 1 .57 ^ 
R 0.062, \ 



2.03 



0.08 6.35 



0.25 



inn 



4 



0.20 min 



4.25 

101.19 

3.98 



0.008 



nnnntf 

1, n J % ft J \ ft ii J I ft » 






9.30 max 



0.366 



r 




• |o 0|0 






0.05:§; 



"003 



Detail A 



60ns 


70ns 


80ns 


100ns 




















=1DD 




i 


JO 
|0D 






feDD 
i o 

J 




ss 


|0 
CD 





Detail B 



A 
2.S4Min 
0.100 


» 

' 


j6\ 


i 

T 25m««. 


1 07m»i ^ 




— -r- 0.0 JO 


0042 * - * 



Note: Following the specification of the contact pads. 



Part No. 


Contact Pad 


HB56D136BR-XX 


Gold 


HB56D136SBR-XX 


Solder 
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■ PHYSICAL OUTLINE 
• HB56D136BS/SBS 



HB56D136B/S Series 

mm 



Unit: 



inch 



1QL95 



R157 
R 0.062 \ 



4.25 



<- 



^0.20mtn 



2BZZ 



101.19 , 




A 



5.28 max. 



0.208 



J uuuu 










JU^^UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU 


o 

a 




ii 


Hei 


tea 


§5 §1 §§ §3 § O 

aa tad tad bd tig g 


a 

i 

n 


3 
IS 


53 

=2=3 


S3 

e-a 


s= 

fea 


9 S 

SB S3 S3 83 S 8 9 
aa la* £3 S3 fei i 



Detail A 



60ns 



O O 
acaC3CZ3 



icjcn 



70ns 



> o o 



3C3 



80ns 



fe O O 
op 

C3C 



l bo: 

QHmMl 



100ns 



o o 

BBBB 
nnnnnnnnnn 



Detail B 





«v 




o.too 

1 






1 
T 0.25m»i. 


1 07m 


ai w 




- ...-0 


0.04* " * ' 



Note: Following the specification of the contact pads. 



Part No. 


Contact Pad 


HB56D136BS-XX 


Gold 


HB56D136SBS-XX 


Solder 
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HB56D136B/S Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin 


(Input) 


V in 


-1.0 to +7.0 


V 


Relative to Vss 


(Output) 


V ut 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vgs 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


w 


50 


mA 


Power Dissipation 


P T 


8 


W 


Operating Temperature 


Topr 


Oto +70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



I ELECTRICAL CHARACTERISTICS 

> Recommended DC Operating Conditions 0a = to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




v C c 


4.75 


5.0 


5.25 


V 


1 


Input High Voltage 


VlH 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


ViL 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgg. 

• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±5%, V S s = 0V) 





Symbol 


HB56D136B/SB/BR/SBR/BS/SBS 


Unit 


Test Conditions 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating 
Current 


!cci 


- 


1240 


- 


1120 


- 


1000 


- 


880 


- 


1000 


- 


880 


mA 


t RC = Min 


1,2 


Standby 


ICC2 


- 


24 


- 


24 


- 


24 


- 


24 


- 


24 


- 


24 


mA 


TTL Interface 
RAS, CAS = V IH 
Dout = High-Z 




Current 


- 


12 


- 


12 


- 


12 


- 


12 


- 


12 


- 


12 


mA 


CMOS Interface 

RAS, CAS > V CC -0.2V 

D out = High-Z 




RAS Only 

Refresh Current 


ICC3 


- 


1240 


- 


1120 


- 


960 


- 


840 


- 


960 


- 


840 


mA 


t R c = Min 


2 


Standby 
Current 


J CC5 


- 


60 


- 


60 


- 


60 


- 


60 


- 


60 


- 


60 


mA 


RAS = V IH 
CAS = V IL 

D out = Enable 


1 


CAS Before 
RAS Refresh 
Current 


!CC6 


- 


1200 


- 


1080 


- 


960 


- 


840 


- 


960 


- 


840 


mA 


t RC - Min 




Page Mode 
Current 


I<X7 


- 


1200 


- 


1080 


- 


920 


- 


840 


- 


920 


- 


840 


mA 


tpc = Min 


1,3 


Input Leakage 
Current 


in 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


uA 


0V < V in < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V out < 7V 
D out = Disable 




Output High 
Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


Vcc 


2.4 


v C c 


V 


High I out = - 5 mA 




Output Low 
Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 





Notes: 1. Ice depends 

2. Address can 

3. Address can 



on output load condition when the dev ice is selected, Ice max is specified at the output open condition, 
be changed less than three times while RAS = Vjl- 
be changed £ 1 time while CAS = Vjh. 
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HB56D136B/S Series 



• Capacitance (T A = 25°C, V C c = 5V ±5%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


88 


pF 


1 


Input Capacitance (WE) 


C12 


— 


104 


pF 


1 


Input Capacitance (RAS) 


Cl3 


— 


57 


pF 


1 


Input Capacitance (CAS) 


C14 


— 


36 


pF 


1 


Output Capacitance (DQ -DQ 7> 9 _i 6> i 8 _ 2 5, 27-34) 


Q/oi 


— 


17 


pF 


1,2 


Output Capacitance (DQg, n, 26, 35) 


Q/02 


— 


22 


pF 


1,2 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 

• AC Electrical Characteristics (T A = to 70°C, V C c = 5V ±5%, V S s = 0V)1. 12 
Read, Write and Refresh Cycle (Common Parameters) 





Symbol 


HB56D136B/SB/BR/SBR/BS/SBS 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Random Read or Write 
Cycle Time 


*RC 


120 


- 


130 


- 


160 


- 


190 


- 


160 


- 


190 


- 


ns 




RAS Precharge Time 


tRP 


50 


— 


50 


— 


70 


— 


80 


— 


70 


— 


80 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


20 


10000 


20 


10000 


25 


10000 


25 


10000 


25 


10000 


25 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


12 


— 


15 


— 


12 


— 


15 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 





— 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


20 


— 


20 


— 


20 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


40 


20 


50 


22 


55 


25 


75 


22 


55 


25 


75 


ns 


8 


RAS to Column Address 
Delay Time 


tRAD 


15 


30 


15 


35 


17 


40 


20 


55 


17 


40 


20 


55 


ns 


9 


RAS Hold Time 


tRSH 


20 


— 


20 


— 


25 


— 


25 


— 


25 


— 


25 


— 


ns 




CAS Hold Time 


tcSH 


60 


— 


70 


— 


80 


— 


100 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Transition Time 
(Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


— 


16 


— 


16 


— 


16 


ms 


15 


Read Cycle 




Symbol 


HB56D136B/SB/BR/SBR/BS/SBS 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


— 


80 


— 


100 


ns 


2,3 


Access Time from CAS 


*CAC 


— 


20 


— 


20 


— 


25 


— 


25 


— 


25 


— 


25 


ns 


3,4 


Access Time from Address 


*AA 


— 


30 


— 


35 


— 


40 


— 


45 


— 


40 


— 


45 


ns 


3,5 


Read Command Setup Time 


tRCS 





— 





— 





— 





— 





— 





— 


ns 




Read Command 
Hold Time to CAS 


tRCH 





- 





- 





- 





- 





- 





- 


ns 




Read Command 
Hold Time to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Column Address to 
RAS Lead Time 


tRAL 


30 


- 


35 


- 


40 


- 


55 


- 


40 


- 


55 


- 


ns 




Output Buffer 
Turn-off Time 


tQFF 


- 


20 


- 


20 


- 


20 


- 


25 


- 


20 


- 


25 


ns 
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HB56D136B/S Series 
Write Cycle 





Symbol 


HB56D136B/SB/BR/SBR/BS/SBS 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Write Command Setup Time 


twcs 





— 





— 





— 





— 





— 





— 


ns 


10 


Write Command Hold Time 


t\VCH 


15 


— 


15 


— 


20 


— 


20 


— 


20 


— 


20 


— 


ns 




Write Command Pulse Width 


t W p 


10 


— 


10 


— 


15 


— 


20 


— 


15 


— 


20 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


15 


— 


20 


— 


20 


- 


20 


— 


20 


- 


ns 


11 



Refresh Cycle 


































Symbol 


HB56D136B/SB/BR/SBR/BS/SBS 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




CAS Setup Time 
(CAS Before RAS 
Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS Before RAS 
Refresh Cycle) 


tCHR 


15 


- 


15 


- 


20 


- 


20 


- 


20 


- 


20 


- 


ns 




RAS Precharge to 
CAS Hold Time 


tRPC 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 





Fast Page Mode Cycle 





Symbol 


HB56D136B/SB/BR/SBR/BS/SBS 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Fast Page Mode Cycle Time 


tpc 


45 


— 


50 


— 


55 


— 


55 


— 


55 


— 


55 


— 


ns 




Fast Page Mode 
CAS Precharge Time 


tcp 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Fast Page Mode 
RAS Pulse Width 


tRASC 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


ns 


13 


Access Time from 
CAS Precharge 


tACP 


- 


40 


- 


45 


- 


50 


- 


50 


- 


50 


- 


50 


ns 


14 


RAS Hold Time from 
CAS Precharge 


tRHCP 


40 


- 


45 


- 


50 


- 


50 


- 


50 


- 


50 


- 


ns 





Notes: 1 . AC measurements assume tj = 5 ns. 

2. Assumes that tRCD ^ tR.CD (max) and tRAD - *RAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that tRCD ^ tRCD (max), tRAD ^ t RA D (max). 

5. Assumes that tRCD ^ *rcd ( max )> tRAD ^ tRAD (max). 

6- toFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vjl. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD i s greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. Early write cycle only (twcs - tw cs (m in)). 

11. These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of 100 jus is required a fter p ower up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refresh). 

13. tRASC is determined by RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or tcAC or tACP- 

15. tREF is determined by 1,024 refresh cycles. 
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HB56D136B/S Series 



I TIMING WAVEFORMS 
Read Cycle 



RAS 



"\ 



tT 



CAS 



tASR 



Address 



mm» r - 



tRC 



"\_ 



tRAS 



/ 



tRCD 



tCSH 



<— ► 



ItRAH 
tASC 



Row 




Dout 



Din 



s 



\ f 



tRAD 




tRCS 
tAR 



tRSH 



„ 1£as „ 



< — ► 



Column 



tCAH 
tRAL 



i tCAC > 



tAA 



-{ 



tRAC 



tRP 



tCRP 



itRRH 



«2*L* 



<—^!l ► 



f Valid 

.*- Output 



J" 



High-Z 



: Don't care 



-> 



\ 





HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 883 



HB56D136B/S Series 
• Early Write Cycle 



RAS 



"\ 



tT 



CAS 



tASR 



Address 




WE 



Dout 



Din 



tRC 



s 



tRAS 



/ 



tRCO 



ItRAH 
tASC 



Row 






tRAO 



T 




tRSH 



tCSH 



* — ™ — ► 



.c 



tRP 



tCRP 



Column 



tWCR 



twcs. 



tDHR 



tDS 




tCAH 
tRAL 



tWP 




tDH 



Valid 
\ Input 



High-Z 



: Don't care 



\ 
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HB56D136B/S Series 



• RAS Only Refresh Cycle 



RAS 



tCRP 



CAS 




tASR 



Address 



Dout 




tnc 



tRAS 



Up 



ItRPC 



\ 




ItRAH 



Row 




High-Z 



1 WE : Don't care 

2 K22fl : Don't care 



• CAS Before RAS Refresh Cycle 



tRC 



RAS 



CAS 




1 Address, Din : Don't care 

2 Dout: High-Z 

3 j^^j : Don't care 

4 WE:VIH 
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HB56D136B/S Series 



• Fast Page Mode Read Cycle 



RAS 



\ 



tT 



CAS 



tASR 



Address 



"L 



tRASC 



tCSH 



< 1S£2 ^ 



\ 



tRAH 



Row 



TL 



Dout 



JT 



tAS 



*. 




tRCS 



Oin 



" 7T 



+H2L+ 



-C 



I 



4^V 



Column 1 



JT' 




tRCH 




tRAC 



tCP 



tAS 



^ 



tPC 



" J 



^xox^ 



/ 



tCAH 



Column 2 



Jr" 



tRCS tRCH 



tACP 



tOFF 



J-Valid -t i' 

"^-Output 1 J£ *- 



tRHCP 



1 



tASC 




tCAS 



tRAL 



4^iV 



Column N 



tRCS 



tRP 






tCRP 




tACP 



<J£FF_^ 



Valid T 
.Output 2 



2— ?: 



tRRH 




^tOFF^ 



Valid -fr 

Output N Jr 



High-Z 



: Don't care 
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HB56D136B/S Series 



• Fast Page Mode Early Write Cycle 



RAS 



~\ 



tT 



CAS 



tASR 



Address 



"L 



tRASC 



tCSH 



-i H2 * 



^. 



\ 



< tRA0 ► 

tRAH 



Row 



WE 



Dout 



Din 



J- 



tAS 



<► 



>-M.-£ 




twcs 




«^i* 



JT 



/ 



tCAH 



Column 1 



tos. 




"^_ 



*™L+ 



tASC 




twcs 



tWP 




tPC 



4-^U 






\ 



Column 2 



.tDH 



tos. 



tAS< 



<* 




twcs 



«. 



tWP 




tCAS 



tRP 



.C 



Column N 



tDH 



Valid 



j- Valid 
v in P ut 1 J k y ^^/\ lnput 2 %y$0%f\ 



tos. 



tWP 



tDH 



Valid 
Input N 



High-Z 



: Don't care 



\ 



tCRP 
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HB56D236B Series 



2,097, 152- Word x 36-Bit High Density Dynamic RAM Module 

■ DESCRIPTION ■ PIN OUT 

The HB56D236B is a 2M x 36 dynamic RAM module, 
mounted 16 pieces of 4 Mbit DRAM (HM514400JP) sealed 
in SOJ package and 8 pieces of 1 Mbit DRAM 
(HM511000AJP) sealed in SOJ package. An outline of the 
HB56D236B is 72-pin single in-line package. Therefore, the 
HB56D236B makes high density mounting possible without 
surface mount technology. The HB56D236B provides com- 
mon data inputs and outputs. Decoupling capacitors are 
mounted beneath each SOJ but only on the side of its mod- 
ule board. 

■ FEATURES 

• 72-pin Single In-line Package 

Lead Pitch 1 .27mm 

• Single 5V (±5%) Supply 

• High Speed 

Access Time 80 ns/100 ns/120 ns (max) 

• Low Power Dissipation 

Active Mode 5.57 mW/4.94 mW/4.31 mW (max) 

Standby Mode 252 mW (max) 

• Fast Page Mode Capability 

• 1,024 Refresh Cycle (16 ms) 

• 2 V ariatio ns of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HB56D236B-8 


80 ns 




HB56D236B-10 


100 ns 


72-pin SIP 
Socket Type 


HB56D236B-12 


120 ns 



PRESENCE DETECT PIN OUT 



Pin No. 


Pin Name 


HB56D236B 


80 ns 


100 ns 


120 ns 


67 


PDi 


NC 


NC 


NC 


68 


PD 2 


NC 


NC 


NC 


69 


PD 3 


NC 


Vss 


NC 


70 


PD 4 


v S s 


v S s 


NC 




Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 
Name 


1 


Vss 


19 


NC 


37 


DQ17 


55 


DQl2 


2 


DQo 


20 


DQ 4 


38 


DQ35 


56 


DQ30 


3 


DQis 


21 


DQ22 


39 


Vss 


57 


DQl3 


4 


DQi 


22 


DQ 5 


40 


CAS 


58 


DQ31 


5 


DQ19 


23 


DQ23 


41 


CAS 2 


59 


v C c 


6 


DQ 2 


24 


DQ6 


42 


CAS3 


60 


DQ32 


7 


DQ20 


25 


DQ 24 


43 


CASi 


61 


DQ 14 


8 


DQ 3 


26 


DQ 7 


44 


RAS 


62 


DQ33 


9 


DQ21 


27 


DQ25 


45 


RAS! 


63 


DQis 


10 


Vcc 


28 


A 7 


46 


NC 


64 


DQ34 


11 


NC 


29 


NC 


47 


WE 


65 


DQ16 


12 


Ao 


30 


v C c 


48 


NC 


66 


NC 


13 


Ai 


31 


Ag 


49 


DQ 9 


67 


PDi 


14 


A 2 


32 


A 9 


50 


DQ 27 


68 


PD 2 


15 


A3 


33 


RAS3 


51 


DQ10 


69 


PD 3 


16 


A 4 


34 


RAS 2 


52 


DQ 28 


70 


PD 4 


17 


A 5 


35 


DQ26 


53 


DQn 


71 


NC 


18 


A 6 


36 


DQ 8 


54 


DQ 29 


72 


v S s 



PIN DESCRIPTION 



Pin Name 


Function 


A0-A9 


Address Input 


A -A 9 


Refresh Address Input 


DQ0-DQ35 


Data-in/Data-out 


CAS0-CAS3 


Column Address Strobe 


RAS0-RAS3 


Row Address Strobe 


WE 


Read/Write Enable 


v C c 


Power ( + 5V) 


v S s 


Ground 


PDi-PD 4 


Presence Detect Pin 


NC 


Non-Connection 
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HB56D236B Series 



BLOCK DIAGRAM 



•D0-D15 HM514400JP 
M0-M7 . HM51 1000JP 



RAS0 »- 
CASO*- 

DQO •- 

DQ1 •- 

DQ2 •- 

DQ3 •- 



DQ4 
DQ5 
DQ6 
DQ7 



CAS1»- 

0Q9 ♦- 
DQ10«- 
DQ11»- 
DQ12»- 



DQ13»- 
DQ14»- 
DQ15»- 
DQ16«- 



RAS2«- 
CAS2»~ 

DQ18«- 
DQ19«- 
DQ20»- 
DQ21*- 



DQ22»- 
DQ23»- 
0O24»- 
DQ25»- 



DQ26»- 
CAS3»~ 



DQ29«- 
DQ30*- 



DQ31«- 
DQ32»- 
DQ33«- 
DQ34»~ 



DQ3S«~ 



A0~A9»- 

Vcc •- 



Vis 



1/01 CAS RAS 

1/02 

1/03 DO 

1/04 

OE 



1/01 CAS RAS 

1/02 

1/03 D3 

1/04 

OE 



CAS RAS 
Din/out MO 



J/01 CAS RAS 

1/02 

1/03 D4 

1/04 

OE 



1/01 CAS RAS 

I/02 

I/03 D7 



CAS RAS 
Din/out M4 



1/01 CAS RAS 

1/02 

1/03 D8 

1/04 

OE 



1/01 CAS RAS 

i/02 

1/03 D11 

1/04 

OE 



CAS RAS 
Din/out M4 



*& 



1/01 CAS RAS 

J/02 

1/03 012 



1/01 CAS RAS 

I/02 

I/03 D15 

i/04 

OE 



CAS RAS 
Din/out M6 



di~ 



1/01 CAS RAS 

i/02 

i/03 01 

1/04 

OE 



1/01 CAS RAS 

i/02 

i/03 D2 

i/04 

OE 



CAS RAS 
Din/out M1 



1/01 CAS RAS 

1/02 

i/03 05 

i/04 

OE 



1/01 CAS RAS 

i/02 

i/03 06 

i/04 

OE 



CAS RAS 
Din/out M3 



1/01 CAS RAS 

i/02 

i/03 D9 

1/04 

OE 



1/01 CAS RAS 

i/02 

1/03 010 

1/04 

OE 



CAS RAS 
Din/out M5 



1/01 CAS RAS 

i/02 

1/03 D13 

1/04 

OE 



diT 



1/01 CAS RAS 

i/02 

1/03 D14 

OE 



CAS RAS 
Din/out M7 



— D0-D15. M0-M7 

— D0-015. M0-M7 
-D0-D15. M0-M7 



— • 00-015, M0-M7 
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HB56D236B Series 



PHYSICAL OUTLINES 



Unit: 



inch 




4.25 
101.19 



DDDDQn 



/" 



Sl 100 , I k H n M I* 

I P I nn P I P \\ m r \ ^k 

I- w J I- — $? 



ana 



J ULlliJU U 1 1 UH HIJUH I » U HI II J III 11 l^^UULUJUU I IUJUI U LUJULIJU UJJUM IJULU ) 

o o 



fTTOiinUl 



9.144 max. 



127typ. 



0.05 



Detail A 



80ns 



mmmm) 



100ns 



|*(^pL 
OODGDQDQDDDQ 



QQQQQDQDGQQQ 



Note: The plating of the contact finger is gold. 





D 


etail 


B 




^ 


4 0.25 max. 


2.54 min. 






0.100 






1 .07 max. 








0.042 
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HB56D236B Series 



■ ABSOLUTE MAXIMUM RATINGS 








Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin 


(Input) 


V in 


-1.0 to +7.0 


V 


Relative to Vgs 


(Output) 


V ut 


-1.0 to +7.0 


V 


Supply Voltage Relative to V$s 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


!out 


50 


mA 


Power Dissipation 


P T 


12 


W 


Operating Temperature 


Topr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A 



Oto +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




V C c 


4.75 


5.0 


5.25 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


Vil 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltages referenced to V§s- 

• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±5%, V S s = 0V) 



Parameter 


Symbol 


HB56D236B-8 


HB56D236B-10 


HB56D236B-12 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Operating Current 


!cci 


— 


1060 


— 


940 


— 


820 


mA 


t RC = Min 


1,2 


Standby Current 


ICC2 


- 


48 


- 


48 


- 


48 


mA 


TTL Interface 
RAS, CAS = V IH , 

D out = High-Z 




- 


24 


- 


24 


- 


24 


mA 


CMOS Interface RAS, 
CAS > V cc - 0.2V, 
D out = High-Z 




RAS Only 

Refresh Current 


J CC3 


- 


1020 


- 


900 


- 


800 


mA 


tRC = Min 


2 


Standby Current 


!CC5 


- 


120 


- 


120 


- 


120 


mA 


RAS = V ffl , 
CAS = V IL , 
D out = Enable 


1 


CAS Before RAS 

Refresh Current 


ICC6 


- 


1020 


- 


900 


- 


780 


mA 


tRC = Min 




Page Mode Current 


!CC7 


— 


980 


— 


900 


— 


780 


mA 


tpc — Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


jaA 


0V < V m < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V out < 7V, 
D out = Disable 




Output High Voltage 


VOH 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


High I out = - 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 


V 


Lowl out = 4.2 mA 






Notes: 1. Ice depends on output load condition when the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vil- 

3. Address can be changed once or less CAS = Vih- 
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HB56D236B Series 



• Capacitance (T A = 25°C, V C c = 5V ±5%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


161 


pF 


1 


Input Capacitance (WE) 


C12 


— 


193 


pF 


1 


Input Capacitance (RAS, CAS) 


Q3 


— 


62 


pF 


1 


Output Capacitance (DQ _7, DQ 9 _ 16 , DQ 18 _ 2 5, DQ 2 7_34) 


Ci/Ol 


— 


29 


pF 


1,2 


Output (DQ 8>17> 26, 35) 


Cl/02 


— 


39 


pF 


1,2 



Notes: 1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 

• AC Characteristics (T A = to +70°C, V cc = 5V +5%, V S s = 0V)L 12 
Read, Write and Refresh Cycle (Common Parameters) 



Parameter 


Symbol 


HB56D236B-8 


HB56D236B-10 


HB56D236B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


160 


— 


190 


— 


220 


— 


ns 




RAS Precharge Time 


tRP 


70 


— 


80 


— 


90 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


120 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


10000 


25 


10000 


30 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


12 


— 


15 


— 


15 


— 


ns 




Column Address Setup Time 


tASC 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


20 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


22 


55 


25 


75 


25 


90 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


17 


45 


20 


55 


20 


65 


ns 


9 


RAS Hold Time 


tRSH 


25 


— 


25 


— 


30 H 


— 


ns 




CAS Hold Time 


tCSH 


80 


— 


100 


— 


120 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


ms 


15 


Read Cycle 


Parameter 


Symbol 


HB56D 


236B-8 


HB56D236B-10 


HB56D236B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


— 


120 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


25 


— 


25 


— 


30 


ns 


3,4 


Access Time from Address 


*AA 


— 


40 


— 


45 


— 


55 


ns 


3,5 


Read Command Setup Time 


tRCS 





— 





— 





_ 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


55 


— 


ns 




Output Buffer Turn-off Time 


k)FF 





20 





25 





30 


ns 


6 
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HB56D236B Series 



Write Cycle 



Parameter 


Symbol 


HB56D236B-8 


HB56D236B-10 


HB56D236B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


20 


— 


25 


— 


30 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 


ns 


11 


Data-in Hold Time 


tDH 


20 


— 


20 


— 


25 


- 


ns 


11 



Refresh Cycle 




















Parameter 


Symbol 


HB56D236B-8 


HB56D236B-10 


HB56D236B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


*CSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


15 


— 


15 


- 


15 


- 


ns 





Fast Page Mode Cycle 



Parameter 


Symbol 


HB56D236B-8 


HB56D236B-10 


HB56D236B-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Fast Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


10 


— 


20 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


80 


100000 


100 


100000 


120 


100000 


ns 


13 


Access Time from CAS Precharge 


Ucp 


— 


50 


— 


50 


— 


60 


ns 


14 


RAS Hold Time from CAS Precharge 


tRHCP 


50 


- 


50 


- 


60 


- 


ns 





Notes: 1. AC measurements assume tj — 5 ns. 

2. Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max). If tRCD or *RAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that tRCD ^ *rcd (max) and tRAD - tRAD (max). 

5. Assumes that tRCD ^ tRCD (max) and tRAD ^ tRAD (max). 

6. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjjj and Vil. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD i s greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD i s greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. Early write cycle only (twcs - twcs (min)). 

11. These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of 100 juts is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles cont aining RAS clock such as RAS only refresh). 

13. tRASC defines RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or *CAC or tACP- 

15. tREF defines is 1,024 refresh cycles. 
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HB56D236B Series 

■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS 



Address 



K 



*ASR. 



2< 



JB£_ 



tRAS 



*RCD 



tcSH 



■ '"AH. 



\ / 



Use 



<RAD 



:*^{ 



"^WSH* 



:"r~x 



<CAS 



JCAH 
tRAL 



tAR 



«e y//////////// / 



Dout 
Din 



JHSSw 



tRP 



j£RP_^ 



Ww//////////z z. 



« !cac » 



JAA_ 



tRAC 



Hgh-Z 



Tffi 



«4bbm 



z 



WW/// , 



tOFF 



^ <*& **" 



• Early Write Cycle 



RAS 



CAS 



Jbu 



K 



lA^R^. 



tRC 



tRAS 



IBSSl. 



tCSH 



tASC 



\ / 



t RAP 



WE 



Dout 
Din 



Z 



tWCR 



*RSH 



_ - <RP - 



tCAS 



Address ^C^^Ca^^^M 



! «cs». 



W////////////K L 



tpHR 



"*-, 



tCAH 
tRAL 



JCRP_^. 



Lwch 



twp 



V//////////////// & 



y////////////A ^r ^//////////////////A 



Hgt»Z 



^^ Don.au. 
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HB56D236B Series 



• RAS Only Refresh Cycle 



RAS 

CAS 

Address 
Dout 



\ 



tCRP|-*»- 



tASR 



Jbc. 



tRAS 



yn^\ 



tRP 



t RPC 



^ 



tRAH 



7Z2X3$MZ^M&^ZZMMZ 



High-Z 



1 9S£ :Oon'tcv« 

Z^Z^lOontc*. 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 



tRPC ^ 



^ 



tCSR 



tRC 



\ 



tRAS 



S 



tRP 



X 



JRPC^ 



, ^^^> , 



1 Address, Din: Donl car* 

2 Doul: High-Z 

4 Wg.VIH 
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HB56D236B Series 

• Fast Page Mode Read Cycle 



RAS 



CAS 

t ASR 

Address c/^k 



tRASC 



tCSH 



<RCD 



tRAO 



]&±\ 



USC , 



tRCS 



>^'~^>'"-"\ 



tCAH 



WE '///?//////# ~Z 



Dout 
Din 



tRCH 



tCP . 



Use. 



:«&»: 






tRAC 



tro 



■ f CAS^ 



tCAH 



Column 2 

T Irch 



tRHCP 



y 



Use, 



>&*: 



tRCS 




m tpAC. 



tAA 



tQFF 



Ucp 



V«M 



J « 



tCAS 



tRAL 



tCAH 



■^-P™ 



tRP 



/' 



N 

tCRP 




HE 

^ lAfiE *. 



tQFF 



""TEH i. 

Omput2 , r 



*2S 



tOFF 






• Fast Page Mode Early Write Cycle 



RAS 



CAS 



**£&.«» 



tRASC 



tCSH 



tRCD 



tRAD 



£*U 



tASC 



Address 2> C "» Y fa .^*Y Z/7* f . 



'*» » 



w ///// m 



, ! CAS. 



5 CAM 

«• »» 



tCP 



Use. 



tWCH 



twes^ 



iM, 



.tQH. 



:*m: 



tpc 



>^^"^jns, 



JCAS. 



tRHCP 



tCAH 



dou. TzmszM^ymi^^M^y^^^ 



tASC, 



tWCH 



twes 



SC 



JOH 



;<^: 



,tRSH» 



tCAS 



y — \ 



tCRP 



tCAH 



^7X77777, 



■WCH 



'Vff> 



ta^ 



\ MMff, 



Din 



Htf* 
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HB56D236B/SB Series 

2,097,152-Word x 36-Bit High Density Dynamic RAM Module 

■ DESCRIPTION ■ PIN OUT 

The HB56D236B/SB/BS/SBS is a 2M x 36 dynamic 
RAM module, mounted 16 pieces of 4 Mbit DRAM 
(HM514400JP/AJ) sealed in SOJ package and 8 pieces of 
1 Mbit DRAM (HM511000JP) sealed in SOJ package 
(HB56D236B/SB or 8 pieces of 1 Mbit DRAM 
(HM511000ATS) sealed in TSOP package (HB56D236SB/ 
SBS). An outline of the HB56D236B/SB/BS/SBS is 72-pin 
single in-line package. Therefore, the HB56D236B/SB/BS/ 
SBS makes high density mounting possible without surface 
mount technology. The HB56D236B/SB/BS/SBS provides 
common data inputs and outputs. Decoupling capacitors are 
mounted beneath each SOJ or beside each TSOP but only 
on the one side of its module board. 

■ FEATURES 

• 72-pin Single In-line Package 

Lead Pitch 1 .27 mm 

• Single 5V (±5%) Supply 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns (max) 

• Low Power Dissipation 

Active Mode .6.825W/6.195W/5.565W/4.935W (max) 
Standby Mode 252 mW (max) 

• Fast Page Mode Capability 

• 1 ,024 Refresh Cycle (16 ms) 

• 2 V ariatio ns of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Part No. 


Access Time 


Package 


Contact Pad 


HB56D236B/BS-6A 


60 ns 


72-pin 
SIP Socket Type 




HB56D236B/BS-7A 


70 ns 




HB56D236B/BS-8A 


80 ns 


Gold 


HB56D236B/BS-10A 


100 ns 


HB56D236B-8 


80 ns 




HB56D236B-10 


100 ns 




HB56D236SB/SBS-6A 


60 ns 


72-pin 
SIP Socket Type 




HB56D236SB/SBS-7A 


70 ns 




HB56D236SB/SBS-8A 


80 ns 


Solder 


HD;:D236SB/SBS-10A 


100 ns 


HB56D236SB-8 


80 ns 




HB56D236SB-10 


100 ns 





■ PRI 


ESENCE 


DETECT PINOUT 








Pin 


Pin 
Name 


HB56D236B/SB/BS/SBS 


No. 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


67 


PD1 


NC 


NC 


NC 


NC 


NC 


NC 


68 


PD2 


NC 


NC 


NC 


NC 


NC 


NC 


69 


PD3 


NC 


v S s 


NC 


Vss 


NC 


v S s 


70 


PD4 


NC 


NC 


v S s 


v ss 


v S s 


v S s 




Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 
Name 


Pin 

No. 


Pin 

Name 


1 


v S s 


19 


NC 


37 


DQ17 


55 


DQl2 


2 


DQo 


20 


DQ 4 


38 


DQ35 


56 


DQ30 


3 


DQl8 


21 


DQ22 


39 


Vss 


57 


DQl3 


4 


DQi 


22 


DQ 5 


40 


CAS0 


58 


DQ31 


5 


DQ19 


23 


DQ23 


41 


CAS2 


59 


v C c 


6 


DQ 2 


24 


DQ 6 


42 


CAS3 


60 


DQ32 


7 


DQ 20 


25 


DQ 24 


43 


CAST 


61 


DQ14 


8 


DQ 3 


26 


DQ 7 


44 


RAS0 


62 


DQ33 


9 


DQ21 


27 


DQ25 


45 


RASl 


63 


DQ15 


10 


v C c 


28 


A 7 


46 


NC 


64 


DQ34 


11 


NC 


29 


NC 


47 


WE 


65 


DQ16 


12 


A 


30 


Vcc 


48 


NC 


66 


NC 


13 


Ai 


31 


A 8 


49 


DQ 9 


67 


PD1 


14 


A 2 


32 


A 9 


50 


DQ 27 


68 


PD2 


15 


A3 


33 


RAS3 


51 


DQ10 


69 


PD3 


16 


A4 


34 


RAS2 


52 


DQ28 


70 


PD4 


17 


A 5 


35 


DQ26 


53 


DQn 


71 


NC 


18 


A 6 


36 


DQ 8 


54 


DQ29 


72 


Vss 



PIN DESCRIPTION 



Pin Name 


Function 


A0-A9 


Address Input 


A0-A9 


Refresh Address Input 


DQ0-DQ35 


Data-in/Data-out 


CAS0-CAS3 


Column Address Strobe 


RAS0-RAS3 


Row Address Strobe 


WE 


Read/Write Enable 


Vcc 


Power Supply ( + 5V) 


v S s 


Ground 


PD!-PD 4 


Presence Detect Pin 


NC 


No Connection 
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HB56D236B/SB Series 
■ BLOCK DIAGRAM 



CAS0«- 



DQO •- 

DQ1 •- 



DQ2 •- 

DQ3 *- 



DQ4 *- 
DQ5 •- 
DQ6 ♦- 
DQ7 *- 



DQ8 •- 
CAST«- 



DQ9 •- 
DQ10»- 



DQ11«- 
DQ12»- 



DQ13«- 
DQ14»- 
DQ15»- 
DQ16»- 



DQ17«- 
RAS2 +- 



DQ18«- 
DQ19*- 
DQ20*- 
DQ21*- 



DQ22*- 
DQ23«- 



DQ24»- 
DQ25*- 



DQ26»- 
CAS3#- 



DQ27*- 
DQ28«N- 
DQ29*- 
DQ30»- 



DQ31#- 
DQ32*- 
DQ33*- 
DQ34*- 



DQ35»- 



A0-A9*- 

WT •- 

Vcc •- 
Vss ♦- 

*D0-D15: HM514400JP/AJ 
M0-M7: HM511000JP/ATS 



"W. 



X 



1/01 CAS RAS 

I/02 

I/03 DO 

1ZQ4 

OE 



7ZK 



1/01 CAS RAS 

1/02 

1/03 D3 

1/04 

OE 



X 



X 



CAS RAS 
Din/out MO 



1/01 CAS RAS 

I/02 

1/03 D4 

\M 

OE 



727/ 



w?. r 



1/01 CAS RAS 

1/02 

1/03 D7 

1/04 

OE 



CAS RAS 
Din/out M2 



^ , 



1/01 CAS RAS 

1/02 

1/03 08 

JZQ4 

OE 



%%>. r 



x 



1/01 CAS" RAT 

I/02 

I/03 D11 

1/04 

OE 



X 



CAS RAS 
Din/out M4 



^ m 



1/01 CAS RAS 

1/02 

1/03 D12 

1/04 

OE 



w, 



1/01 CAS RAS 

1/02 

1/03 D15 

I/04 

OE 



X 



CAS RAS 
Din/out M6 



-►D0-D15.M0-M7 



%? 



X 



1/01 RAS CAS 

1/02 

1/03 D1 

ML4 

OE 



Wf. r 



I I 



1/01 RAS CAS 

I/O 2 

I/03 D2 

\m 

OE 



X 



RAS CAS 
Dm/out M1 



W/. „ 



X 



1/01 RAS CAS 

1/02 

1/03 D5 

OE 



W, 



X 



1/01 RAS CAS 

I/02 

I/03 D6 

i/04 

OE 



RAS CAS 
Dm/out M3 



db 



x 



1/01 RAS CAS 

1/02 

1/03 D9 

1/04 

OE 



^ 



X 



1/01 RAS CAT 

1/02 

1/03 D10 

1/Q4 

OE 



X 



X 



RAS CAS 
Din/out M5 



^ 



X 



1/01 RAS CAS 

1/02 

1/03 D13 

1/04 

OE 



727/. 



X 



1/01 RAS CAS 

I/02 

I/03 D14 

1ZQ4 

OE 



1 1 



RAS CAS 
Din/out M7 



->D0-D15.M0-M7 

►DO - D1 5. M0 - M7 

IC0-C11 

►DO - D1 5. M0 - M7 



-«RASl 



-•RASl 
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I PHYSICAL OUTLINE 
> HB56D236B/SB 



HB56D236B/SB Series 

mm 



Unit: 



inch 



2-0 



3.175 
0.125 



R 1 .57 
R 0.062 



2 . 3 *ol° 
6.08 



6.35^ 



0.25" 



107.95 



4.25 
101.19 



3.984 



-^ 



/ 



nnnnnnn 

Jensen err 



Jilrnmrm^ 



1.27 



0.05 



R ^57_J 
R~0.062 
44.45 



->■ 



1.75 



-> 



/■ 



9.144 max 



0.36 




l 



1 2 7typ, 



0.05 



uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu^ 



tmnnnnmn 



Detail A 



60ns 


70ns 


80ns 


100ns 


on 


mmnnnr 


) 

mo 


QQ[ 


jm 

mm 


) 

m 


QQ( 
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Detail B 
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Note: Following the specification of the contact pads. 



Part No. 


Contact Pad 


HB56D236B-XX 


Gold 


HB56D236SB-XX 


Solder 
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HB56D236B/SB Series 



■ PHYSICAL OUTLINE (continued) 
• HB56D236BS/SBS 



Unit: 



mm 
' inch 



2Q3_ 

0.08 



A 
mm 



6.35 
0.25 



107.95 
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^ r ^0.20min 



-"M — ir 
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->!■ 
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^27 typ > 
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2.54M»n. 
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Note: Following the specification of the contact pads. 



Part No. 


Contact Pad 


HB56D236BS-XX 


Gold 


HB56D236SBS-XX 


Solder 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin 


(Input) 


V in 


-1.0 to +7.0 


V 


Relative to V§s 


(Output) 


V ut 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vgs 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


W 


50 


mA 


Power Dissipation 


Pt 


8 


W 


Operating Temperature 


Topr 


Oto +70 


°C 


Storage Temperature 


T stg 


-55 to +125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v S s 











V 




Vcc 


4.75 


5.0 


5.25 


V 


1 


Input High Voltage 


Vih 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


Vil 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vgs- 

• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ± 5%, V S s = 0V) 





Symbol 


HB56D236B/SB/BS/SBS 


Unit 


Test Conditions 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating 
Current 


!cci 


- 


1300 


- 


1180 


- 


1060 


- 


940 


- 


1060 


- 


940 


mA 


t RC = Min 


1,2 


Standby 


!cc2 


- 


48 


- 


48 


- 


48 


- 


48 


- 


48 


- 


48 


mA 


TTL Interface 
RAS, CAS = V IH 
D out = High-Z 




Current 


- 


24 


- 


24 


- 


24 


- 


24 


- 


24 


- 


24 


mA 


CMOS Interface 

RAS, CAS >V CC - 0.2V 

D out = High-Z 




RAS Only 
Refresh Current 


1CC3 


- 


1300 


- 


1180 


- 


1020 


- 


900 


- 


1020 


- 


900 


mA 


tRC = Min 


2 


Standby 
Current 


!CC5 


- 


120 


- 


120 


- 


120 


- 


120 


- 


120 


- 


120 


mA 


RAS = V IH 
CAS = V IL 

D out = Enable 


1 


CAS Before 
RAS Refresh 
Current 


!CC6 


- 


1260 


- 


1140 


- 


1020 


- 


900 


- 


1020 


- 


900 


mA 


tRC - M i n 




Page Mode 
Current 


J CC7 


- 


1260 


- 


1140 


- 


980 


- 


900 


- 


980 


- 


900 


mA 


tpc = Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


jxA 


0V < V in < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


JLtA 


0V < V in < 7V 
D out = Disable 




Output High 
Voltage 


V H 


2.4 


v C c 


2.4 


Vcc 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


HighI out = -5mA 




Output Low 
Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 





0.4 





0.4 


V 


LowI out = 4.2 mA 






Notes: 1. Ice depends 

2. Address can 

3. Address can 



on output load condition when the device is selected, Ice max * s specified at the output open condition, 
be changed less than three t imes while RAS = V^. 
be changed < 1 time while CAS = Vjh- 
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HB56D236B/SB Series 



• Capacitance (T A = 25°C, V C c = 5V ±5%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address) 


Cn 


— 


161 


pF 


1 


Input Capacitance (WE) 


C12 


— 


193 


pF 


1 


Input Capacitance (RAS, CAS) 


C13 


— 


62 


pF 


1 


Output Capacitance (DQ _7, 9- 16, 18-25, 27-34) 


c i/oi 


— 


29 


pF 


1,2 


Output Capacitance (DQg } yj t 26, 35) 


C I/02 


— 


39 


pF 


1,2 



Notes: 



1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = V IH to disable D out . 



• AC Characteristics (T A = to +70°C, V C c = 5V ±5%, V S s = 0V)L 12 
Read, Write and Refresh Cycle (Common Parameters) 





Symbol 


HB56D236B/SB/BS/SBS 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Random Read or Write 
Cycle Time 


tRC 


120 


- 


130 


- 


160 


- 


190 


- 


160 


- 


190 


- 


ns 




RAS Precharge Time 


tRP 


50 


— 


50 


— 


70 


— 


80 


— 


70 


— 


80 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


20 


10000 


20 


10000 


25 


10000 


25 


10000 


25 


10000 


25 


10000 


ns 




Row Address Setup Time 


USR 





— 





— 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


12 


— 


15 


— 


12 


— 


15 


— 


ns 




Column Address Setup Time 


tASC 





— 





— 





— 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


15 


— 


20 


— 


20 


— 


20 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


40 


20 


50 


22 


55 


25 


75 


22 


55 


25 


75 


ns 


8 


RAS to Column Address 
Delay Time 


tRAD 


15 


30 


15 


35 


17 


40 


20 


55 


17 


40 


20 


55 


ns 


9 


RAS Hold Time 


tRSH 


20 


— 


20 


— 


25 


— 


25 


— 


25 


— 


25 


— 


ns 




CAS Hold Time 


tCSH 


60 


— 


70 


— 


80 


— 


100 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Transition Time 
(Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


*REF 


— 


16 


— 


16 


— 


16 


— 


16 


— 


16 


— 


16 


ms 


15 


Read Cycle 




Symbol 


HB56D236B/SB/BS/SBS 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


— 


80 


— 


100 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


20 


— 


20 


— 


25 


— 


25 


— 


25 


— 


25 


ns 


3,4 


Access Time from Address 


*AA 


— 


30 


— 


35 


— 


40 


— 


45 


— 


40 


— 


45 


ns 


3,5 


Read Command Setup Time 


tRCS 





— 





— 





— 





— 





— 





— 


ns 




Read Command 
Hold Time to CAS 


tRCH 





- 





- 





- 





- 





- 





- 


ns 




Read Command 
Hold Time to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Column Address to 
RAS Lead Time 


tRAL 


30 


- 


35 


- 


40 


- 


55 


- 


40 


- 


55 


- 


ns 




Output Buffer 
Turn-off Time 


tOFF 


- 


20 


- 


20 


- 


20 


- 


25 


- 


20 


- 


25 


ns 


6 



902 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HB56D236B/SB Series 



Write Cycle 





Symbol 


HB56D236B/SB/BS/SBS 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Write Command Setup Time 


twcs 





— 





— 





— 





— 





— 





— 


ns 


10 


Write Command Hold Time 


tWCH 


15 


— 


15 


— 


20 


— 


20 


— 


20 


— 


20 


— 


ns 




Write Command Pulse Width 


t WP 


10 


— 


10 


— 


15 


— 


20 


— 


15 


— 


20 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 





— 





— 





— 


ns 


11 


Data-in Hold Time 


tDD 


15 


- 


15 


- 


20 


- 


20 


- 


20 


- 


20 


— 


ns 


11 



Refresh Cycle 


































Symbol 


HB56D236B/SB/BS/SBS 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




CAS Setup Time 
(CAS Before RAS 
Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS Before RAS 

Refresh Cycle) 


tCHR 


15 


- 


15 


- 


20 


- 


20 


- 


20 


- 


20 


- 


ns 




RAS Precharge to 
CAS Hold Time 


*RPC 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 





Fast Page Mode Cycle 





Symbol 


HB56D236B/SB/BS/SBS 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


-8 


-10 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Fast Page Mode Cycle Time 


tpc 


45 


— 


50 


— 


55 


— 


55 


— 


55 


— 


55 


— 


ns 




Fast Page Mode 
CAS Precharge Time 


tcp 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Fast Page Mode 
RAS Pulse Width 


tRASC 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


- 


100000 


ns 


13 


Access Time from 
CAS Precharge 


tACP 


- 


40 


- 


45 


- 


50 


- 


50 


- 


50 


- 


50 


ns 


14 


RAS Hold Time from 
CAS Precharge 


tRHCP 


40 


- 


45 


- 


50 


- 


50 


- 


50 


- 


50 


- 


ns 





Notes: 1. AC measurements assume tx = 5 ns. 

2. Assumes that tRCD - tRCD (max) and tRAD ^ *RAD ( max )- ^ tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that t RC D ^ t RC D (max), tRA D < tRA D (max). 

5. Assumes that t RC D ^ tR C D (max), tRAD ^ tRAD (max). 

6. tQFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vil. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

10. Early write cycle only (t\ycs - *WCS (min)). 

11. These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of 100 juis is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS clock such as RAS only refrersh). 

13. tRASC is determined by RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or tCAC or tACP- 

15. tREF is determined by 1,024 refresh cycles. 
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HB56D236B/SB Series - 

■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



"\ 



tT , 



CAS 



tASR 



Address 




Dout 



Din 



tRC 



X 



tRAS 



/ 



tRCD 



tCSH 



+-> 



|tRAH 
tASC 



~N. 



Row 



X 




7" 






tRAD 




X 



tRCS 
tAR 



tRSH 



tQAS 



f 



Column 



tCAH 
tRAL 



< tCAC » 



tAA 



tRAC 



JT 



tRP 



tCRP 



(tRRH 



tRCH 



tOFF 



.r 



"^ 



Valid 
Output 



High-Z 



: Don't care 



\ 
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HB56D236B/SB Series 



- Early Write Cycle 



RAS 






tT 



CAS 



tASR 



Address 




WE 



Dout 



Din 



tRC 






tRAS 



/ 



tRCD 



H 



jtRAH 
tASC^ 



Row 



\ 



tRAD 




.r 



tRSH 



tCSH 



tCAS 



/ 



Column 



tWCR 



twcs. 



tDHR 



tDS 




tCAH 
tRAL 



tRP 



tCRP 



<» 



tWP 




tDH 



Valid 
Input 



High-Z 



: Don't care 



\ 
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HB56D236B/SB Series — 
• RAS Only Refresh Cycle 



RAS 



\ 



tCRP 



— 1 

CAS ^ 




tASR 



Address 



Dout 



tRC 



tRAS 






tRP 



ItRPC 



V 




ItRAH 




High-Z 



1 WE : Don't care 

2 B^I : Don't care 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 




1 Address, Din : Don't care 

2 Dout: High-Z 

3 Yffih : Don't care 

4 WE : VIH 
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• Fast Page Mode Read Cycle 



"X 



RAS 



tT 



CAS 



tASFT 



Address 



"t_ 



tRASC 



tCSH 



tRCD 



\ 



4 tRA ° > 



Row 




Dout 



JT 



tASC 



}-M.-£ 




tRCS 



Din 



^tCA^ 



X 



J. 



Column 1 



1 y6 




tRCH 



<( tCA L>> 
tAA w 



£ 



tRAC 



\ 



tCP 



tASC 




tPC 



" W 



. tCAS . 



J. \. 



/ 



« 



Column 2 



JT 



tRCS tRCH 



^tCAC* 

< tAA > 
tACP 



<J£!L ^ 



Valid 
Output 1 



tRHCP 



1 



\ 



tAS< 



^>- 




tCAS 



tRAL 



Column N 



r 



tRCS 



tRP 



JT 

SI 



X 



tCAC 

tAA , 



tACP 



tOFF 



~\ 7^ \ 7 

A ^.Output 2 A \ 

JV K _ A t 



tCRP 




tRRH 




^tOFF^ 



Valid -r 

Output N jf 



High-Z 



: Don't care 
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HB56D236B/SB Series 



• Fast Page Mode Early Write Cycle 



RAS 



Nl 



tT 



CAS 



tASR. 



Address 



"^ 



tRASC 



tCSH 



„ tRCO ^ 



V_/ 



4 tRA ° > 



Row 



Dout 



Din 



tASC 




twcs , 




«-££* 



x — i. 



Column 1 



tos. 




tWP 



tCP 



tASC 




twcs 




tPC 



s A \ / 



. tCAS , 



Column 2 



tDH 



Valid 
Input 1 



tDS. 




tASC 




twcs 



tWCH 



tWP 




< tCAS > 



tRP 



Column N 



tDH 

< ► 



Valid 
\ Input 2 



tos. 




T 



tWCH 
tWP 



tDH 



Valid 
Input N 



High-Z 



%H : Don't care 



tCRP 
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HB56A140 Series 



1,048,576-Word x 40-Bit High Density Dynamic RAM 

■ DESCRIPTION 

The HB56A140B/SB is a 1M x 40 dynamic RAM module, 
mounted 10 pieces of 4 Mbit DRAM (HM514400AS) sealed 
in SOJ package. An outline of the HB56A140B/SB is a 
72-pin single in-line package. Therefore, the HB56A140B/ 
SB makes high density mounting possible without surface 
mount technology. The HB56A140B/SB provides common 
data inputs and outputs. Its module board has decoupling 
capacitors beneath the each SOJ. 

■ FEATURES 

• 72-pin Single In-line Package 

Lead Pitch 1 .27mm 

• Single 5V (±5%) Supply 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns (max) 

• Low Power Dissipation 

Operation 5775 mW/5250 mW/4725 mW/ 

4200 mW (max) 
Standby 105 mW 

• Fast Page Mode Capability 

• 1 ,024 Refresh Cycles (16 ms) 

• 2 Variations of Refresh 

RAS Only R efres h 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Module 



PIN OUT 



Part No. 


Access Time 


Package 


Contact Pad 


HB56A140B-6A 


60 ns 


72-pin SIP 
Socket Type 




HB56A140B-7A 


70 ns 


Gold 


HB56A140B-8A 


80 ns 


HB56A140B-10A 


100 ns 




HB56A140SB-6A 


60 ns 


72-pin SIP 
Socket Type 




HB56A140SB-7A 


70 ns 


Solder 


HB56A140SB-8A 


80 ns 


HB56A140SB-10A 


100 ns 





PIN DESCRIPTION 



Pin Name 


Function 


A0-A9 


Address Input 


Ao-A 8 


Refresh Address Input 


DQ0-DQ39 


Data-in/Data-out 


CAS 


Column Address Strobe 


RAS 


Row Address Strobe 


WE 


Read/Write Enable 


OE 


Output Enable 


V D D 


Power Supply ( + 5V) 


v S s 


Ground 


PD1-PD4 


Presence Detect Pin 


NC 


No Connection 




Pin 

No. 


Pin 
Name 


Pin 

No. 


Pin 
Name 


Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 
Name 


1 


v S s 


19 


OE 


37 


DQ33 


55 


DQn 


2 


DQo 


20 


DQ 4 


38 


DQ35 


56 


DQ 27 


3 


DQ16 


21 


DQ20 


39 


v S s 


57 


DQ12 


4 


DQl 


22 


DQ 5 


40 


NC 


58 


DQ28 


5 


DQ17 


23 


DQ21 


41 


CAS 


59 


V D D 


6 


DQ 2 


24 


DQ 6 


42 


NC 


60 


DQ 29 


7 


DQl8 


25 


DQ22 


43 


NC 


61 


DQl3 


8 


DQ 3 


26 


DQ 7 


44 


RAS 


62 


DQ30 


9 


DQl9 


27 


DQ23 


45 


NC 


63 


DQl4 


10 


V D D 


28 


A 7 


46 


DQ37 


64 


DQ31 


11 


NC 


29 


DQ36 


47 


WE 


65 


DQis 


12 


Ao 


30 


V D D 


48 


GND 


66 


DQ38 


13 


Ai 


31 


Ag 


49 


DQ 8 


67 


PD1 


14 


A 2 


32 


A 9 


50 


DQ24 


68 


PD2 


15 


A3 


33 


NC 


51 


DQ 9 


69 


PD3 


16 


A4 


34 


NC 


52 


DQ25 


70 


PD4 


17 


A 5 


35 


DQ34 


53 


DQ10 


71 


DQ39 


18 


A 6 


36 


DS 36 


54 


DQ26 


72 


v S s 



PRESENCE DETECT PINOUT 



Pin No. 


Pin 
Name 


HB56A140B/SB 


-6A 


-7A 


-8A 


-10A 


67 


PD1 


v S s 


Vss 


v S s 


v S s 


68 


PD2 


v S s 


v S s 


v S s 


v S s 


69 


PD3 


NC 


v S s 


NC 


v S s 


70 


PD4 


NC 


NC 


v S s 


v S s 
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HB56A140 Series 



BLOCK DIAGRAM 



D0toD9:HM514400AS 



RASP ♦- 
CASO •- 



DQO •- 
DQ16*- 
DQ1 ♦- 
DQ17»- 



DQ2 •- 
DQ18*- 
DQ3 «►- 
DQ19*- 



DQ4 •- 
DQ20*- 

DQ5 <►- 
DQ21 •- 



DQ6 •- 
DQ22»- 
DQ7 ♦- 
DQ23*- 



DQ36»- 
DQ34*- 
DQ32«- 
DQ33#- 



DQ35*- 
DQ37«- 
DQ8 •- 
DQ24#- 



DQ9 •- 
DQ25»- 
DQ10«- 
DQ26«- 



DQ11 ♦- 
DQ27»- 
DQ12*- 
DQ28#- 



DQ29»- 
DQ13*- 
DQ30*- 
DQ14«- 



DQ31 •- 
DQ15*- 
DQ38*- 
DQ39«- 



AO to A9 •- 

WE* •- 

Vcc •- 

Vss •- 



1/01 CAS RAS 

1/02 

1/03 DO 

1/04 



X 



1/01 CAS" RAS 

1/02 

1/03 Dl 

1/04 



X 



X 



1/01 CAS 
I/O 2 

I/03 D2 
I/04 



RAS 



X 



1/01 CAS RAS 

I/02 

I/03 D3 

I/04 



X 



1/01 CAS 

I/02 

I/03 D4 

I/04 



RAS 



X 



1/01 CAS 

1/02 

1/03 D5 

1/04 



RAS 



1/01 CAS 

I/02 

I/03 D6 

I/04 



RAS 



X 



I/0 1 CAS RAS 

1/02 

1/03 D7 

1/04 



X 



1/01 CAS R. 

I/02 

I/03 D8 

I/04 



X 



1/01 CAS RAS 

I/02 

I/03 D9 

I/04 



-► DO to D9 
-> DO to D9 



-> D0toD9 

-►D0toD9 
■►D0toD9 



= C0~C9 
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PACKAGE OUTLINE 



HB56A140 Series 

mm 



Unit: 



inch 




0.25' 



1.75 



1.75 



| UUUUUUUUUUUUUUUUUUUUUUUUJUUUUUIUJUUU ^^ UUUUUUUUUUUUUUUUUUUUUUUUUUUJUUUUUUUU 



g 



gg §§ gg gg gg gg 

11 §§ §§ §§ §§ §i 



gg 



g 



§ 11 §g 11 §1 



II 11 



Detail A 



60ns 


70ns 


80ns 


100ns 


IP 


IP 


~\{p 


IP 



Note: Following the specification of the contact pad. 



Part No. 


Contact Pad 


HB56A140B-XXA 


Gold 


HB56A140SB-XXA 


Solder 
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HB56A140 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V§s 


v T 


-1.0 to +7.0 


V 


Supply Voltage Relative to Vgs 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


Pt 


10 


W 


Operating Temperature 


Topr 


Oto +70 


°C 


Storage Temperature 


T stg 


-55 to +125 


°C 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A 



Oto +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.75 


5.0 


5.25 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


Vil 


-1.0 


— 


0.8 


V 


1 



Note: 1. All voltage referenced to Vss- 

• DC Electrical Characteristics (T A = o to +70°C, V<x 



5V ±5%, V S s = 0V) 





Symbol 


HB56A140B/SB 


Unit 


Test Conditions 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating Current 


icci 


— 


1100 


— 


1000 


— 


900 


— 


800 


mA 


tRC = mm 


1,2 


Standby Current 


ICC2 


- 


20 


- 


20 


- 


20 


- 


20 


mA 


TTL Interface 
RAS, CAS = V IH 
D out = HighZ 




- 


10 


- 


10 


- 


10 


- 


10 


mA 


CMOS Interface 

RAS, CAS > V cc - 0.2V 

Dout = High-Z 




RAS Only Refresh 
Current 


ICC3 


- 


1100 


- 


1000 


- 


900 


- 


800 


mA 


t RC = min 


2 


Standby Current 


I(X5 


- 


50 


- 


50 


- 


50 


- 


50 


mA 


RAS = V IH 
CAS = V IL 

D out = Enable 


1 


CAS Before RAS 
Refresh Current 


ICC6 


- 


1100 


- 


1000 


- 


900 


- 


800 


mA 


tRC = mm 




Fast Page Mode 
Current 


ICC7 


- 


1100 


- 


1000 


- 


900 


- 


800 


mA 


tpc = min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < Vin < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 


0V < V UT ^ 7V 
D out = Disable 




Output High Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


Vcc 


V 


lout = - 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 


V 


lout = 4.2 mA 





Notes: 1. Ice depends on output load condition when the dev ice is selected, Ice max * s specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vjl- 

3. Address can be changed < 1 time while CAS = Vm« 
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HB56A140 Series 



• Capacitance (T A = 25°C, V cc = 5V ±5%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address A0-A9) 


Cn 


— 


90 


pF 


1 


Input Capacitance (WE, OE) 


C12 


— 


90 


pF 


1 


Input Capacitance (RAS, CAS) 


C13 


— 


90 


pF 


1 


Input/Output Capacitance (DQq to DQ39) 


Q/Ol 


— 


20 


pF 


1 



Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable D out . 

• AC Characteristics (T A = to +70°C, V C c = 5V ±5%, V S s = 0V)L K 15 > 16 
Read, Write and Refresh Cycle (Common Parameters) 





Symbol 


HB56A140B/SB 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Random Read or Write Cycle Time 


tRC 


110 


— 


130 


— 


150 


— 


180 


— 


ns 




RAS Precharge Time 


*RP 


40 


— 


50 


— 


60 


— 


70 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


15 


10000 


20 


10000 


20 


10000 


25 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


10 


— 


15 


— 


ns 




Column Address Setup Time 


tASC 





— 





— 





— 





— 


ns 




Column Address Hold Time 


*CAH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


45 


20 


50 


20 


60 


25 


75 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


30 


15 


35 


15 


40 


20 


55 


ns 


9 


RAS Hold Time 


tRSH 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


tcSH 


60 


— 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




OE to D in Delay Time 


*ODD 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




OE Delay Time from Di n 


tDZO 





— 





— 





— 





— 


ns 




CAS Setup Time from Dj n 


*DZC 





— 





— 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


ns 




Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


— 


16 


ms 





Read Cycle 





Symbol 


HB56A140B/SB 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


ns 


2, 3, 17 


Access Time from CAS 


tCAC 


— 


15 


— 


20 


— 


20 


— 


25 


ns 


3, 4, 13 


Access Time from Address 


*AA 


— 


30 


— 


35 


— 


40 


— 


45 


ns 


3, 4, 13, 16 


Access Time from OE 


tOAC 


— 


15 


— 


20 


— 


20 


— 


25 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


*RRH 





— 





— 





— 





— 


ns 




Column Address to RAS Lead Time 


tRAL 


30 


— 


35 


— 


40 


— 


45 


— 


ns 




Output Buffer Turn-off Time 


tOFFl 





15 





20 





20 





20 


ns 


6 


Output Buffer Turn-off Time to OE 


tOFF2 





15 





20 





20 





20 


ns 


6 


CAS to D in Delay Time 


*CDD 


15 


— 


20 


— 


20 


— 


25 


— 


ns 
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HB56A140 Series 
Write Cycle 





Symbol 


HB56A140B/SB 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Write Command Setup Time 


twcs 





— 





— 





— 





— 


ns 


10 


Write Command Hold Time 


twCH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


t WP 


10 


— 


10 


— 


10 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


*CWL 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 


11 


Read-Modify-Write Cycle 




Symbol 


HB56A140B/SB 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Read- Write Cycle Time 


tRWC 


150 


— 


180 


— 


200 


— 


245 


— 


ns 




RAS to WE Delay Time 


tRWD 


80 


— 


95 


— 


105 


— 


135 


— 


ns 


10 


CAS to WE Delay Time 


*CWD 


35 


— 


45 


— 


45 


— 


60 


— 


ns 


10 


Column Address to WE Delay Time 


UWD 


50 


— 


60 


— 


65 


— 


80 


— 


ns 


10 


OE Hold Time from WE 


t()EH 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Refresh Cycle 




Symbol 


HB56A140B/SB 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


*CSR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


*CHR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Fast Page Mode Cycle 




Symbol 


HB56A140B/SB 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Fast Page Mode Cycle Time 


tpc 


40 


— 


45 


— 


50 


— 


55 


— 


ns 




Fast Page Mode CAS Precharge Time 


*CP 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


— 


100000 


ns 


12 


Access Time from CAS Precharge 


*ACP 


— 


35 


— 


40 


— 


45 


— 


50 


ns 


13,17 


RAS Hold Time from CAS Precharge 


tRHCP 


35 


— 


40 


— 


45 


— 


50 


— 


ns 




Fast Page mode Read-Modify-Write 
Cycle Time 


tpCM 


80 


- 


95 


- 


100 


- 


110 


- 


ns 
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HB56A140 Series 



Test Mode Cycle 


























Symbol 


HB56A140B/SB 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Test Mode WE Setup Time 


tws 





— 





— 





— 





— 


ns 




Test Mode WE Hold Time 


tWH 


10 


— 


10 


— 


10 


— 


10 


— 


ns 





Notes: 1. 
2. 

3. 
4. 
5. 
6. 



17. 



AC measurements assume tj = 5 ns. 

Assumes that tRCD ^ tRCD ( max ) anc * tRAD ^ tRAD (max). If tRCD or tRAD * s greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 

Measured with a load circuit equivalent to 2 TTL load and 100 pF. 

Assumes that t RC D ^ t RC D (max) and t RAD < tRAD (max). 

Assumes that tRCD ^ *rcd ( max ) and tRAD ^ *RAD (max). 

tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 

Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between Vth and Vjl. 

Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD i s greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD i s greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

tw~CS> tRWD> tcWD anc * tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if t\ycs - twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 

(high impedance) throughout the entire cycle; if tRWD - tRWD (min), tcwD - *CWD (min) and tAWD - tAWD (min), the 

cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 

conditions are satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading in an early write cycle and to WE leading edge in a delayed write or a 

read-modify-write cycle. 

tRASc defines RAS pulse width in fast page mode cycle. 

Access time is determined by the longer of tAA or tcAC or tACP- 

An initial pause of 100 jus is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 

cycles are required. 

In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits . . . CA0. This test 

mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 

will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits accord each other, the 

condition of the output data is low level. Data output pin is I/O3 and data input pin is I/O2. In order to end this test mode 

operation, perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

In a test mode read cycle, the value of tRAO tAA> toAC an d tACP i s delayed for 2 ns to 5 ns for the specified value. These 

parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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HB56A140 Series 



■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



tT 



V 



CAS tASR 



Address 



WE 



Dout 



Din 



OE 



tRC 



tRAS 



1 



tRCD 



tCSH 



Row 




tRAH 
A tASC 

► 



\ 



tRAD 



tRCS 



tRSH 



Column 



Hi-Z 



tRAC 



< tDZC » 



~3_ 



tCAH 



tRAL 



< tCAC > 



tAA 



Hi-Z 



tDZO 




tOAC 






tRP 



tCRP 



tRCH 



tRRH 



tOFF1 

<4 ► 



Valid 
Output 



< t0FF2 > 



tCDD 



tODD 

<4 ► 



31 



: Don't care 
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HB56A140 Series 



• Early Write Cycle 



RAS 



"\ 



tT , 



CAS 



tASR . 



Address 




WE 



Dout 



Din 



tRC 



_r 



tRAS 



/ 



r 



tRCD 



itRAH 
tASC 



\ 



Row 



JT 



tRAD 




tRSH 



tCSH 



« *AS ^ 



A 



Jr 



Column 



tWCR 



twcs. 



tDHR 



tDS 




tCAH 
tRAL 



IRP 



tCRP 




^WCH 



tWP 




tDH 



"K 



Valid 
Input 






High-Z 



: Don't care 



OE : Don't care 
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HB56A140 Series 



• Delayed Write Cycles 



RAS 



"S. 



tT 



CAS tASR 



Address 



WE 



Din 



Dout 



OE 



tRC 



tRAS 



1 



tRCD 

A ► 



tRAH 



Row 



JT 



tASC 

-► 



Column 




tRSH 



tCSH 



. _! L 



tCWL 



7" 



tDS 




tDZO 



tDZC 

< »> 




tCAH 



_7~ 



tRP 



tCRP 



tWP 
< ► 



Valid 
Input 



tDH 



*1 



«J2°? tOEH 

\< ► 



^ 1 : Invalid output 






; Don't care 
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HB56A140 Series 



Read-Modify-Write Cycle 



RAS 



"V 



tT 



CAS tASR 



Address 



WE 



Din 



Dout 



OE 



tRWC 



tRAH 



2 



tRCD 

< ► 



"\ 



tRAD 

< ► 



~^- 



Row 



tRAC 




Jt"Wr'z 



tRCS 



tAA 



"^L. 






tASC 



tCWL 



Column 



tCWD 



tAWD 



tCAC— ► 




tDZO 



< — 2s — ; 



Hi-Z 



tOAC 



w 



~\ 



tODD 



-< 



tCAH 



tRWL 



tWP 
< ► 



tDS 



Valid 
Input 



, tDH 



M 4- 



X t0EH » 



>- 



tRP 



tCRP 





%< 1 : Invalid output 
: Don't care 
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HB56A140 Series 

• RAS Only Refresh Cycle 



RAS 



\ 



tCRP 



CAS 



tASR 



Address 



Dout 




tRC 



"L 



tRAS 



T 



/ 



tRP 



itRPC 



\ 




ItRAH 



Row 



Jt 



\m 




High-Z 



1 WE,OE : Don't care 

2 [%%l : Don't care 

3 REFRESH ADDRESS : A0-A9 

(AX0-AX9) 



• CAS Before RAS Refresh Cycle 



RAS 



\ 



tCSR. 



CAS 



Address 



Dout 



tRC 



< tRA$ » 



"t. 



_r 



/ 



^tCHR^ 



\ 



< 22 ► 



"\ 



< tRPC > 





tRC 



tRAS 



C — ¥ 

N A M 



"A. 



« S2 ► 



tCHR 



tCSR 



A 



< tCRP » 



V/ /////////////// M 




OPEN 



1 WE:V| H 

2 i%^l : Don't care 



920 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HB56A140 Series 



• Fast Page Mode Read Cycle 



RAS |\ 

tT 



CAS 



Address 



tRASC 



WE 



Din 



Dout 



OE 



tRCS 



tRCH 



tRAC 



Hi-Z 



tDZO 



tOAC 




tRCS tRCH 



tOFF1 



_7-Valid - r"K i 
""^Out put - L ^ 

H tODD 



•Hi-Z 



tRCS 



"K_ 



OFF1 



Vfelid Vhj-Z f 



jtput / \ output y ir 




tRCH 



tRRH 



tCDD 



tOFFI 



Valid 



^_ 



tODD 




tOFF2 



tOAC 



: Don't care 
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HB56A140 Series 

• Fast Page Mode Early Write Cycle 



\ 



RAS 



tT 



CAS 



tASR. 



Address 



tRASC 



tCSH 



tRCD 



"X 



\ 



< tRAD ► 
tRAH 



Row 



WE 



Din 



Dout 



tASi 



^ 



i. 



JT 



twcs 





«i^> 



_J 



/ 



Column 1 



tDS 




-N- 



tAS' 



$> 



TWZdX 

twc s 



tWCH 



tWP , 




tPC 



. tCAS . 



/ 



^ 



Column 2 



tDH 



Valid 
Input 1 



tDS. 



T 




tWCH 
tWP 



tASC 




twcs 




„ tCAS 



1 



tRP 



_r 



Column N 



tDH 



Valid 
\ Input 2 



tDS. 




r 



Jr 




jwchl 

tWP 



M 



tDH 
M ► 



Valid 
Input N 




High-Z 



: Don't care 



OE : Don't care 



tCRP 
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HB56A140 Series 



• Fast Page Mode Delayed Write Cycle 



RAS \ 



RAS 



tT 



CAS 



Address 



~e. 



tRASC 



_Z~ 



tCSH 



tRCD tCAS 



< ► 



WE 



tDS 



Din 



Dout 



OE 




tODD 



tPC 



tCAS 




tDS 



tDH 



Valid 
Input 



J' 




tRSH 
A ► 



tCAS 



tDS 



tDH 



Valid 
Input 




_f 



"3- 



tRP 
tCRP 



tDH 
< ► 



Valid 
Input 




tOEH 

< ► 



Hi-Z 



: Don't care 
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HB56A140 Series 



• Fast Page Mode Read-Modify-Write Cycle 



RAS 



"\ 



tT 



CAS 



Address 



tRASC 



WE 



Din 



Dout 



i 



Hi-Z 



tDZO 



tDS 



tDZ 



tAA 



OE 5Zj 



-L 



tDH- 

44- 



Valid 
Input 



tOAC 



tOEH-> 



tPCM 



tACP 



tCAC 




tRCS 



r 



tDZC 

< ► 



tDS 



™ tDZO 



-£\/ali 



Valid 
Output 



tOFF2 



tODD 




V Hi-Z 



> 



tOAC 



1 



tRP 



— tDH 

< ► 



Valid 
Input 



tOEH 

« ► 



± Valid 
Output 



■I 



> 



tOFF2 



Hi 



tDZO 



Hi-Z 



tODD 



: Don't care 
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HB56A140 Series 



■ TEST MODE CYCLE 







*1 
Set Cycle w ^ 


*1 ,*3 
Test Mode Cycle „ Reset Cycle w 


Normal Mode 


0098-15 


\ 


r 


V 

\ 


V 


k ^ 


x r 


RAS 
CAS 

WE % 


\ 




/ 


/ 






M 


:j 


111 










Note *1 CBR or RAS-only refresh 
*2 |||:Don'tcare 
*3 Address, Din, OE : Don't care 



• (1) Test Mode Set Cycle 



RAS 



CAS 



WE 



Address 



Dout 



tRPC 



^- 



V 



<— S5 ► 




^WS_^ 



tRC 



tRAS 



J' 



1 



, tCHR 



tRP 




tRPC 



;v 



tCRP 



_r 



*22-+ 





OPEN 



: Don't care 
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HB56A140 Series 



• (2) Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 



.r 



RAS 



CAS 



WE 



Address 



Dout 



tRPC 



~\- 



\ 



v 



*£!». 



tws 




tRC 



\L. 



tRAS 



Jr 



-C 



tRPC 



tCHR , 



i- 



tRP 




tWH 



tws 




tRC 



"\_ 



< tRA$ > 



1 



«-^ » 



"N. 



< m ► 



J" 



tWH 




OPEN 



: Don't care 



m 



RAS Only Refresh Cycle 



RAS 



CAS 



Address 



Dout 



\ 



tCRP 




tASR 



tRC 



tRAS 



T 



1 



tRP 



tRPC 




< tRAH ► 



Row 




OPEN 




1 Refresh Address A0-A9 

(AX0-AX9) 

2 E^] : Don't care 
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Part No. 


Access Time 


Package 


Contact Pad 


HB56A240B-6A 


60 ns 


72-pin SIP 
Socket Type 




HB56A240B-7A 


70 ns 


Gold 


HB56A240B-8A 


80 ns 


HB56A240B-10A 


100 ns 




HB56A240SB-6A 


60 ns 


72-pin SIP 
Socket Type 




HB56A240SB-7A 


70 ns 


Solder 


HB56A240SB-8A 


80 ns 


HB56A240SB-10A 


100 ns 





PIN DESCRIPTION 



Pin Name 


Function 


A0-A9 


Address Input 


Ao-A 8 


Refresh Address Input 


DQ0-DQ39 


Data-in/Data-out 


CAS6,CASl 


Column Address Strobe 


RAS0,RAS0 


Row Address Strobe 


WE 


Read/Write Enable 


OE 


Output Enable 


V D D 


Power Supply ( + 5V) 


v S s 


Ground 


PD1-PD4 


Presence Detect Pin 


NC 


No Connection 



o 



1 pin 



HB56A240 Series 

2,097,152-Word x 40-Bit High Density Dynamic RAM Module 

■ DESCRIPTION ■ PINOUT 

The HB56A240B/SB is a 2M x 40 dynamic RAM module, 
mounted 20 pieces of 4 Mbit DRAM (HM514400AS) sealed 
in SOJ package. An outline of the HB56A240B/SB is a 
72-pin single in-line package. Therefore, the HB56A240B/ 
SB makes high density mounting possible without surface 
mount technology. The HB56A240B/SB provides common 
data inputs and outputs. Its module board has decoupling 
capacitors beneath the each SOJ but only on the one side 
of its module board. 

■ FEATURES 

• 72-pin Single In-line Package 

Lead Pitch 1 .27mm 

• Single 5V (±5%) Supply 

• High Speed 

Access Time 60 ns/70 ns/80 ns/100 ns (max) 

• Low Power Dissipation 

Operation 6038 mW/5513 mW/4988 mW/ 

4463 mW (max) 
Standby 210 mW (max) 

• Fast Page Mode Capability 

• 1,024 Refresh Cycles (16 ms) 

• 2 V ariatio ns of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



36 pin 37 pin 



PRESENCE DETECT PINOUT 



:.m 



72 pin 



Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 

Name 


Pin 

No. 


Pin 

Name 


1 


v S s 


19 


OE 


37 


DQ33 


55 


DQn 


2 


DQo 


20 


DQ 4 


38 


DQ35 


56 


DQ 27 


3 


DQ16 


21 


DQ20 


39 


v S s 


57 


DQ 12 


4 


DQi 


22 


DQ 5 


40 


NC 


58 


DQ 28 


5 


DQ17 


23 


DQ21 


41 


CAS0 


59 


V D D 


6 


DQ 2 


24 


DQ 6 


42 


CAST 


60 


DQ 29 


7 


DQis 


25 


DQ22 


43 


NC 


61 


DQ13 


8 


DQ 3 


26 


DQ 7 


44 


RAS0 


62 


DQ30 


9 


DQ19 


27 


DQ23 


45 


RASl 


63 


DQl4 


10 


V D D 


28 


A 7 


46 


DQ37 


64 


DQ31 


11 


NC 


29 


DQ36 


47 


WE 


65 


DQis 


12 


A 


30 


V D D 


48 


GND 


66 


DQ38 


13 


Ai 


31 


A 8 


49 


DQ 8 


67 


PD1 


14 


A 2 


32 


A 9 


50 


DQ24 


68 


PD2 


15 


A3 


33 


NC 


51 


DQ 9 


69 


PD3 


16 


A 4 


34 


NC 


52 


DQ25 


70 


PD4 


17 


A 5 


35 


DQ34 


53 


DQ10 


71 


DQ39 


18 


A 6 


36 


DS 36 


54 


DQ26 


72 


v ss 



Pin No. 


Pin 

Name 


HB56A240B/SB 


-6A 


-7A 


-8A 


-10A 


67 


PD1 


NC 


NC 


NC 


NC 


68 


PD2 


NC 


NC 


NC 


NC 


69 


PD3 


NC 


v S s 


NC 


v S s 


70 


PD4 


NC 


NC 


v S s 


v S s 
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HB56A240 Series — 
■ BLOCK DIAGRAM 



RAS1 •- 
CAS1 •- 
RASP •- 
CASO •- 



DQO •- 
DQ16*- 
DQ1 •- 
DQ17 4K- 



DQ2 •- 
DQ18«- 
DQ3 •- 
DQ19«~ 



DQ4 •- 
DQ20»- 
DQ5 ♦- 
DQ21 •- 



DQ6 •- 
DQ22*- 
DQ7 ♦- 
DQ23«- 



DQ36*- 
DQ34#- 
DQ32«- 
DQ33«- 



DQ35«- 
DQ37«- 
DQ8 •- 
DQ24*- 



DQ9 •- 
DQ25#- 
DQ10#- 
DQ26*- 



DQ11 •- 
DQ27*- 
DQ12*- 
DQ28«- 



DQ29«- 
DQ13»- 
DQ30O- 
DQ14«H- 



DQ31 •- 
DQ15#- 
DQ38*- 
DQ39*- 



AO to A9 •- 



X 



1/01 CAS RAS 

I/02 

I/03 DO 

I/04 



X 



X 



1/01 CAS' R 

I/02 

I/03 D1 

I/04 



1/01 CAS RAS 

I/02 

I/03 D2 

1/04 



X 



1/01 CAS 

1/02 

1/03 D3 

1/04 



RAS 



X 



1/01 CAS 

1/02 

1/03 D4 

1/04 



RAS 



1/01 CAS RAS 

I/02 

I/03 D5 

I/04 



I/0 1 CAS RAS 

1/02 

1/03 D6 

1/04 



"i — r 



1/01 CAS RAS 

I/02 

1/03 D7 

1/04 



1/01 CAS RAS 

I/02 

1/03 D8 

1/04 



i — r 



1/01 CAS RAS 

1/02 

1/03 D9 

1/04 



->D0toD19 



WE • ► D0toD19 

OE~« ► D0toD19 

Vcc • I ► D0toD19 

ZTC0-C9 
Vss • * ► D0toD19 



1/01 CAS 

I/02 

I/03 D10 

I/04 



RAS 



1/01 CAS 

i/02 

I/03 D11 

I/04 



RAS 



1/01 CAS RAS 

1/02 

1/03 D12 

1/04 



X 



1/01 CAS R/ 

I/02 

1/03 D13 

I/04 



1/01 CAS RAS 

I/02 

I/03 D14 

I/04 



1/01 CAS RAS 

1/02 

1/03 D15 

I/04 



X 



X 



1/01 CAS RAS 

1/02 

1/03 D16 

1/04 



1/01 CAS RAS 

I/02 

I/03 D17 

1/04 



1/01 CAS 
I/O 2 
1/03 D18 
I/04 



RAS 



1/01 CAS RAS 

I/02 

I/03 D19 

I/04 



D0toD9:HM514400AS 
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PHYSICAL OUTLINE 



HB56A240 Series 

mm 



Unit: 



inch 




Detail A 



60ns 


70ns 


80ns 


100ns 


IP 


IP 


IP 


IP 



Note: Following the specification of the contact pad. 



Part No. 


Contact Pad 


HB56A240B-XXA 


Gold 


HB56A240SB-XXA 


Solder 
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HB56A240 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vgs 


v T 


-1.0 to +7.0 


V 


Supply Voltage Relative to V§s 


v C c 


-1.0 to +7.0 


V 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


10 


W 


Operating Temperature 


Topr 


Oto +70 


°C 


Storage Temperature 


T stg 


- 55 to + 125 


°c 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (Ta = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.75 


5.0 


5.25 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


5.5 


V 


1 


Input Low Voltage 


Vil 


-1.0 


- 


0.8 


V 


1 



Note: 1. All voltage referenced to V§s- 

• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±5%, V S s = 0V) 





Symbol 


HB56A240B/SB 


Unit 


Test Conditions 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Operating Current 


icci 


— 


1150 


— 


1050 


— 


950 


— 


850 


mA 


tRC = Min 


1,2 


Standby Current 


!CC2 


- 


40 


- 


40 


- 


40 


- 


40 


mA 


TTL Interface 
RAS, CAS = V IH 
Dout = High-Z 




- 


20 


- 


20 


- 


20 


- 


20 


mA 


CMOS Interface 

RAS, CAS > V C c - 0.2V 

D out = High-Z 




RAS Only Refresh 
Current 


!CC3 


- 


1150 


- 


1050 


- 


950 


- 


850 


mA 


t RC = Min 


2 


Standby Current 


!CC5 


- 


100 


- 


100 


- 


100 


- 


100 


mA 


RAS = V IH 
CAS = V IL 

D out = Enable 


1 


CAS Before RAS 
Refresh Current 


!CC6 


- 


1150 


- 


1050 


- 


950 


- 


850 


mA 


tRc = Min 




Fast Page Mode 
Current 


!CC7 


- 


1150 


- 


1050 


- 


950 


- 


850 


mA 


tpc = Min 


1,3 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


jiaA 


0V < V in < 7V 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


uA 


0V < V out < 7V 
D out = Disable 




Output High Voltage 


V H 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


2.4 


v C c 


V 


lout = ~ 5 mA 




Output Low Voltage 


Vol 





0.4 





0.4 





0.4 





0.4 


V 


W = 4.2 mA 





Notes: 1. Ice depends on output load condition when the device is selected, Ice max * s specified at the output open condition. 

2. Address can be changed less than three times while RAS = Vjl- 

3. Address can be changed once or less while CAS = Vth- 
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HB56A240 Series 



• Capacitance (T A = 25°C, V C c = 5V +5%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Input Capacitance (Address Aq- A9) 


Cn 


— 


140 


pF 


1 


Input Capacitance (WE, OE) 


C12 


— 


160 


pF 


1 


Input Capacitance (RAS, CAS) 


C I4 


— 


90 


pF 


1 


Input/Output Capacitance (DQo to DQ39) 


c i/oi 


— 


25 


pF 


1 



Notes: 



1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = V IH to disable D out . 



• AC Characteristics (T A = to + 70°C, V cc = 5V ±5%, V S s 
Read, Write and Refresh Cycles (Common Parameters) 



0V)1. K 15, 16 





Symbol 


HB56A240B/SB 


Unit 




Parameter 


-6A 


-7A 


- 


8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Random Read or Write Cycle Time 


tRC 


110 


— 


130 


— 


150 


— 


180 


— 


ns 




RAS Precharge Time 


*RP 


40 


— 


50 


— 


60 


— 


70 


— 


ns 




RAS Pulse Width 


tRAS 


60 


10000 


70 


10000 


80 


10000 


100 


100000 


ns 




CAS Pulse Width 


*CAS 


15 


10000 


20 


10000 


20 


10000 


25 


10000 


ns 




Row Address Setup Time 


tASR 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


10 


— 


10 


— 


15 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 





— 





— 


ns 




Column Address Hold Time 


*CAH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


45 


20 


50 


20 


60 


25 


75 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


30 


15 


35 


15 


40 


20 


55 


ns 


9 


RAS Hold Time 


tRSH 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




CAS Hold Time 


tcSH 


60 


— 


70 


— 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




OE to D in Delay Time 


tODD 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




OE Delay Time from D ln 


tDZO 





— 





— 





— 





— 


ns 




CAS Setup Time from Dj n 


*DZC 





— 





— 





— 





— 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


ns 




Refresh Period 


tREF 


— 


16 


— 


16 


— 


16 


— 


16 


ms 





• Read Cycle 





Symbol 


HB56A240B/SB 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Access Time from RAS 


tRAC 


— 


60 


— 


70 


— 


80 


— 


100 


ns 


2, 3, 17 


Access Time from CAS 


tCAC 


— 


15 


— 


20 


— 


20 


— 


25 


ns 


3, 4, 13 


Access Time from Address 


tAA 


— 


30 


— 


35 


— 


40 


— 


45 


ns 


3,4,13,16 


Access Time from OE 


tOAC 


— 


15 


— 


20 


— 


20 


— 


25 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 





— 


ns 




Read Command Hold Time to CAS 


tRCH 





— 





— 





— 





— 


ns 




Read Command Hold Time to RAS 


tRRH 





— 





— 





— 





— 


ns 




Column Address to RAS Lead Time 


tRAL 


30 


— 


35 


— 


40 


— 


45 


— 


ns 




Output Buffer Turn-off Time 


tOFFl 





15 





20 





20 





20 


ns 


6 


Output Buffer Turn-off Time to OE 


tOFF2 





15 





20 





20 





20 


ns 


6 


CAS to D in Delay Time 


tCDD 


15 


— 


20 


— 


20 


— 


25 


— 


ns 
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HB56A240 Series 
• Write Cycle 





Symbol 


HB56A240B/SB 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Write Command Setup Time 


twcs 





— 





— 





— 





— 


ns 


10 


Write Command Hold Time 


t\VCH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


t W p 


10 


— 


10 


— 


10 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


tCWL 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 





— 


ns 


11 


Data-in Hold Time 


*DH 


15 


_ 


15 


— 


15 


— 


20 


__ 


ns 


11 


• Read-Modify-Write Cycle 




Symbol 


HB56A240B/SB 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Read- Write Cycle Time 


*RWC 


150 


— 


180 


— 


200 


— 


245 


— 


ns 




RAS to WE Delay Time 


tRWD 


80 


— 


95 


— 


105 


— 


135 


— 


ns 


10 


CAS to WE Delay Time 


tCWD 


35 


— 


45 


— 


45 


— 


60 


— 


ns 


10 


Column Address to WE Delay Time 


tAWD 


50 


— 


60 


— 


65 


— 


80 


— 


ns 


10 


OE Hold Time from WE 


tOEH 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




• Refresh Cycle 




Symbol 


HB56A240B/SB 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




• Fast Page Mode Cycle 




Symbol 


HB56A240B/SB 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Fast Page Mode Cycle Time 


tpc 


40 


— 


45 


— 


50 


— 


55 


— 


ns 




Fast Page Mode CAS Precharge Time 


tcp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Fast Page Mode RAS Pulse Width 


tRASC 


— 


100000 


— 


100000 


— 


100000 


— 


100000 


ns 


12 


Access Time from CAS Precharge 


tACP 


— 


35 


— 


40 


— 


45 


— 


50 


ns 


13,17 


RAS Hold Time from CAS Precharge 


tRHCP 


35 


— 


40 


— 


45 


— 


50 


— 


ns 




Fast Page Mode Read-Modify-Write 
Cycle Time 


tpCM 


80 


- 


95 


- 


100 


- 


110 


- 


ns 
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HB56A240 Series 



• Test Mode Cycle 


























Symbol 


HB56A240B/SB 


Unit 




Parameter 


-6A 


-7A 


-8A 


-10A 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Test Mode WE Setup Time 


tws 





— 





— 





— 





— 


ns 




Test Mode WE Hold Time 


*WH 


10 


— 


10 


— 


10 


— 


10 


— 


ns 





Notes: 



17. 



AC measurements assume tj = 5 ns. 

Assumes that tRCD ^ tRCD (max) and tRAD - tRAD (max). If tRCD or tRAD * s g reate r than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2 TTL load and 100 pF. 
Assumes that t RC D ^ t RC D (max) and tRA D < tRA D (max). 
Assumes that tRCE> ^ tRCD (max) and tRAD - tRAD (max). 

tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vjl. 

Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAO 
Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD i s greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 
t\vcs> tRWD> tcWD> tAWD are not restrictive operating parameters. They are included in the data sheet as electrical charac- 
teristics only: if t\ycs - twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high 
impedance) throughout the entire cycle; if tRWD - tRWD ( mm )> *CWD - tcWD (min) and tAWD ^ *AWD (min), the cycle 
is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
condition is satisfied, the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

tRASC defines RAS pulse width in fast page mode cycle. 
Access time is determined by the longer of tAA or tcAC or tACP- 

An initial pulse of 100 /as is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycle is required. 

In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 
Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits . . . CA0. This test 
mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 
will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits accord each other, the 
condition of the output data is low level. Data output pin is I/O3 and data input pin is I/O2. In order to end this test mode 
operation, perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

In a test mode read cycle, the value of tRAO *AA> k)AC an d *ACP * s delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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HB56A240 Series 

■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



tT 



\ 



CAS tASR 



Address 



Dout 



Din 



OE 



tRC 



tRAS 



_Z 



tRCD 

« ► 

tCSH 



Row 




tRAH 



tASC 



tRAD 



tRCS 



tRSH 



tCAS 

* % 



Hi-Z 



tRAC 



< tDZC » 



tCAH 



tRAL 



< tCAC > 



tAA 



Hi-Z 



M tDZO ^ 






tOAC 



tCRP 



tRCH 



tRRH 



tOFF1 

< ► 



Valid 
Output 



< tOFF2 > 



Jr 



tCDD 



-^ 



tODD 
< ► 



» 



^ : Don't care 
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• Early Write Cycle 



HB56A240 Series 



RAS 



"\ 



CAS 



tASR 



Address 




WE 



Dout 



Din 



tRC 



tRAS 



tRCD 



[tRAH 
tASC 



Row 



tRAD 




_r 



tRSH 



tCSH 



< *** ► 



I ¥ 



Column 



TL 



tWCR 



tWCS^ 




tDHR 



tDS 




tCAH 
tRAL 



tRP 



tCRP 




tWCH 



tWP 



tDH 



Valid 
Input 



JT 




High-Z 



Don't care 



OE : Don't care 



m 
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HB56A240 Series 



> Delayed Write Cycles 



RAS 



"L 



tT 



CAS tASR 



Address 



tRAS 



1 



tRCD 

< ► 



\ 



tRAH tASC 

< + 



Row 



jfy-z 



Column 



™ m 




Din 



Dout 



OE 



tRSH 



tCSH 



tCAS 

^ ^ 



. _; L 



tCWL 



tDS 



tDZO 



tDZC 

< ► 



tCAH 



tRWL 



-£" 






tRP 



tCRP 



tWP 

M ► 



Valid 
Input 



*1 



tODD 
« I tOEH 

\< ► 



>& 1 : Invalid output 



V/7///////////A 



w/////// //m 



: Don't care 
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HB56A240 Series 



• Read-Modify-Write Cycle 



RAS 



"V 



tT 



CAS tASR 



tRWC 



Address 



WE 



Din 



Dout 



OE 



i 



tRCD 

< ► 



\ 



tRAD 

< ► 



"^_ 



Row 



tRAC 




xw^ 



tRCS 



"^ 



-C 
7 

J' 



tASC 



Column 



tCWD 



tAWD 



tCAC— ► 




tDZO 



< ££ ^ 



Hi-Z 



tOAC 



m 



~\ 



tODD 



tRWL 



tWP 

< ► 



tDS 



Valid 
Input 



, tDH 



J'^ 



i ®1 > 
-\ 7" 



j_ t0EH > 



r 



tRP 



tCRP 



%< 1 : Invalid output 
: Don't care 
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HB56A240 Series 

• RAS Only Refresh Cycle 



RAS 



\ 



tCRP 



CAS 



tASR 



Address 



Dout 




tRC 



tRAS 




-^- 



Row 



Jr 



High-Z 



1 WE ,OE : Don't care 

2 \%%\ : Don't care 

3 REFRESH ADDRESS: A0-A9 

(AX0-AX9) 



• CAS Before RAS Refresh Cycle 



RAS 



tCSR^ 



CAS 



Address 



Dout 



tRC 



<_™ — „ 



■\_ 



_r 



w 



^JCH^ 



« i5E ► 



\ 



< tRPC > 



M 



tRC 



< tRAS » 



'^ 



Jr 



r 



"\. 



< — ™ — ► 



tCHR 



tCSR 



< tCRP ► 



_r 



Jr 



OPEN 



1 WE : V| H 

2 H/H : Don't care 
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HB56A240 Series 



• Fast Page Mode Read Cycle 



RAS 



\ 



CAS 



Address 



tRASC 



tCSH 



tPC 



tRCD 



\ 



tRAD 
4 ^ 



tRAH 




WE 



Din 



Dout 



OE 



tRCS 



tCAS 



/ 



tCAH 



tRCH 



tCP tCAS 



\ 



-^ J~ 



/ 



tRHCP 

■^ ► 



tCP 



W 



tRAL 



tRCS tRCH 




tRSH 

«« ► 

tCAS 



tCAH 



tRCS 



tRP 
tCRP 



tRRH 



tOFF2 



tOAC 



: Don t care 
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HB56A240 Series 



• Fast Page Mode Early Write Cycle 



RAS \ 



tT 



CAS 



tASR, 



Address 



tRASC 



tCSH 



« ^2 „ 



-\ 



\ 



< tRAD » 



Row 



X. 



WE 



Din 



Dout 



tASi 



^J 



^_ 



JT 



twcs . 





^tCAS^ 



x — ^. 



tCP 



Column 1 



->>- 



tDS. 




JT 



tASC 




twcs 



tWP 




tPC 



■ tCAS , 



i. 



\ 



Column 2 



tDH 



Valid 
Input 1 



tDS. 





twcs 



t WCH 



tWP 




„ tCAS 



JT 



1 



tRP 
< ► 



"L 



Column N 



tDH 

< ► 



Valid 
Input 2 



tDS. 



"N- 




jh 



tWCH 
tWP 



A 



tDH 
< ► 



Valid 
Input N 




High-Z 



: Don't care 



OE : Don't care 



tCRP 
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HB56A240 Series 



• Fast Page Mode Delayed Write Cycle 



RAS 



"\ 



CAS 



tASR 

— ► 



Address 



"<C_ 



tRASC 



f 



tCSH 



tRCD 



tCAS 



tRAH 



+ ► 



Row 



tASC 



/ 



tCAH 



Col. X 

7" 



WE 



tDS 



Din 



Dout 



OE 



tODD 



tCWL 
4 ► 



tPC 



tCAS 

« ► 



tCP 



tASC 

► 



"\ 7 

-Z 7" 



-c — X 



tCAH 



Col. 



tDS 



tDH 



tCWL 

< ► 



\ 



tASC 



tRSH 

< ► 



tCAS 



tCAH 
< ► 



Col. 



tDH 





tCWL 



I 



tRP 
tCRP 



-C 



tDH 



tOEH 



Hi-Z 



^ : Don't care 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



941 



HB56A240 Series 



• Fast Page Mode Read-Modify-Write Cycle 



RAS 



tT 



CAS 



Address 



~£_ 



tRASC 



_z 



WE 



Din 



Dout 



OE 557; 



tPCM 



tACP 



tCAC 



tRP 

< ► 




m : 



: Don't care 
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HB56A240 Series 



• TEST MODE CYCLE 



RAS 



CAS 



WE 



Set Cycle 



Test Mode Cycle 






*1 ,*3 
Reset Cycle 




Normal Mode 




Note *1 CBR or RAS-only refresh 
*2 ||J|:Don'tcare 
*3 Address, Din, OE : Don't care 



• (1) Test Mode Set Cycle 



RAS 



CAS 



WE 



Address 



Dout 



J 



tRPC 



\. 



\ 



1. 



\ 



< tCSR > 



"v. 




+22-+ 



tRC 



tRAS 



J' 



T 



^M^ 



tRP 




tRPC 



tCRP 



+22-+ 




OPEN 



: Don't care 
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HB56A240 Series 



• (2) Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 



RAS 



CAS 



WE 



Address 



Dout 



tRPC 



i- 



\ 



\ 



, tCSR , 



"\_ 



tws 




tRC 



tRAS 



.C 



tRPC 



.tCHR 



tRP 



\. ./ 




tj^ 



tWH tWS 




tRC 



4 tRA$ » 



.c 



tRP 



tCHR 



tWH 




OPEN 



: Don't care 




RAS Only Refresh Cycle 



RAS 



CAS 



Address 



Dout 



tCRP 




tASR 



tRC 



tRAS 



J" 



/" 



tRP 



A ► tRPC 




A tRAH ► 



Row 




OPEN 



1 Refresh Address A0-A9 

(AX0-AX9) 

2 ^^: Don't care 
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Section 5 
Video RAM 
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HM63021 Series 

2048-Word x 8-Bit Line Memory 

■ DESCRIPTION 

HM63021 is a 2048-word x 8-bit static Serial Access Memory (SAM) with sepa- 
rate data inputs and outputs. Since it has an internal address counter, no external 
address signal is required and internal addresses are scanned serially. Using five 
different address scan modes, it is applicable to FIFO memories, double-speed con- 
versions, 1 H delay lines and 1 H/2H delay lines for digital TV signals. Its minimum 
cycle times are 28 ns and 34 ns each corresponding to 8 fsc of PAL TV signals and 
NTSC TV signals. All intputs and outputs are TTL-compatible. This device is pack- 
aged in a 300 mil dual-in-line plastic package. 

■ FEATURES 

• Five Modes for Various Applications 

• Corresponds to Digital TV System with 4 fsc Sampling (PAL, NTSC) 

• Decoder Signal Output Pin; Fewer External Circuits 

• Asynchronous Read/Write Operation; 

Separate Address Counter for Read/Write 
No Address Input Required 

• High Speed; Cycle Time 28 ns/34 ns/45 ns (min) 

• Completely Static Memory; No Refresh Required 

• 8-bit SAM with Separate I/O 

• Low Power 250 mW typ. Active 

• Single 5V Supply 

• TTL Compatible 

■ PIN OUT 



HM63021 Series 




(DP-28N) 



ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HM63021P-28 
HM63021P-34 
HM63021P-45 


28 ns 
34 ns 
45 ns 


300 mil 28-pin 
Plastic DIP 
(DP-28N) 



D 


1H/2H 


TBC 


DSC 


TBCE 


Modes 


TBCE 


DSC 


TBC 


1H/2H 


D 


MODE1 








Vcc 


[~7 






28~| 


CLK 


RCLK 




Control 


27| 


MODE2 








15] 








RES 


RRES 






MODE3 1 RDEC | DEC2 






DinO 
Dinl 








^ 


bT 




3 


DoutO 






Dm2 


B 






"23| 


Doutl 






Din3 


G 


=> 




IT! 


Dout2 






Dm4 


D 




1 


U 


Dout3 






Din5 


Q 




I 


lo] 


Dout4 






Dm6 


E 






B 


Dout5 






Din7 


F 






ID 
^1 


Dout6 
Dout7 




WE 


hi 




DEC1 


| WDEC | HighZ 




\ 


Vr.t» 


*1 


WRES 


DS 


DEC3 


Vss 


In 




Control 


»1 


WCLK 


WT 


DEC4 





























(Top View) 
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HM63021 Series 

■ PIN DESCRIPTION 



Pin No. 


Pin Name 


Function 


1 


MODE1 


Mode Input 1 (All Modes) 






Read Clock Input (TBCE, DSC, TBC) 
Clock Input (1H/2H,D) 


1 


RCLK/CLK 


3 


RRES/RES 


Read Reset Input (TBCE, DSC, TBC) 
Reset Input (1H/2H,D) 


4-11 


D in0- D in7 


Data Input (All Modes) 


12 


WE 


Write Enable Input (All Modes) 






High Impedance (TBCE, DSC) 


13 


HighZ/WDEC/DECl 


Write Decode Pulse Output (TBC) 
Decode Pulse Output 1 (1H/2H, D) 


14 


v S s 


Ground (All Modes) 






Write Clock Input (TBCE, DSC, TBC) 


15 


WCLK/WT/DEC4 


Write Timing Input (1H/2H) 
Decode Pulse Output 4 (D) 


16 


WRES/DS/DEC3 


Write Reset Input (TBCE, DSC, TBC) 
Delay Select Input (1H/2H) 
Decode Pulse Output 3 (D) 


17-24 


D out0-D O ut7 


Data Outputs (All Modes) 


25 


OE 


Output Enable Input (All Modes) 






Mode Input 3 (TBCE) 


26 


MODE3/RDEC/DEC2 


Read Decode Pulse Output (TBC) 
Decode Pulse Output 2 (1H/2H, D) 


27 


MODE2 


Mode Input 2 (All Modes) 


28 


v C c 


Power Supply ( + 5V) (All Modes) 



MODE TABLE 



Mode Signals 


Mode 


Application Example 


Note 


MODE1 


MODE2 


MODE3 




H 


H 


H 


Time Base Compression/Expansion (TBCE) 


Picture in Picture 




H 


H 


L 


Double Speed Conversion (DSC) 


Non Interface 




H 


L 


— 


Time Base Correction (TBC) 


Time Base Corrector 


1 


L 


H 


— 


1H/2H Delay (1H/2H) 


Vertical Filter 


1 


L 


L 


— 


Delay Line (D) 


Delay Line 


1 



Note: 1. Decoder Output Signal (RDEC, DEC2). 
■ ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Notes 


Voltage on Any Pin Relative to Vgs 


V T 


-0.5 to +7.0 


V 


1 


Power Dissipation 


P T 


1.0 


w 




Operating Temperature 


*opr 


Oto +70 


°c 




Storage Temperature 


T stg 


- 55 to + 125 


°c 




Storage Temperature Under Bias 


M>ias 


-lOto +85 


°c 





Note: 1. - 3.5V for pulse width < 10 ns. 
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HM63021 Series 



BLOCK DIAGRAM 



DinO Dm7 




Address 
Decoder 


(2047) 


(900, 1810) 


(909,1819) 


(1134) 


(1125) 





DootO Dout7 OE 



DEC1 
DEC2 
DEC3 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 




v S s 











V 




Input Voltage 


Vffl 


2.4 


— 


6.0 


V 




Vil 


-0.5 


— 


0.8 


V 


1 




Note: 1. - 3.0V for pulse width < 10 ns. 
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HM63021 Series 



• DC and Operating Characteristics (T A 


= to +70°C, V C c = 5V ±10%, V S s = 0V) 




Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Note 


Input Leakage Current 


IlLlI 


- 


- 


10 


juA 


V cc = 5.5V 

Vi„ = V SS toV cc 




Output Leakage Current 


|lL0l 


- 


- 


10 


juA 


OE = V ffl 

Vout = V SS toVcc 




Operating Power Supply Current 


!CC 


— 


50 


90 


mA 


Min. Cycle, I out = mA 


1 




Vol 


- 


- 


0.4 


V 


Iol = 8 mA, D out o to D out 7 
DEC Output Pin 


2 


Output Voltage 


Voh 


2.4 


— 


— 


V 


Ioh = - 4 mA, D out0 to D out7 Pin 






2.4 


— 


— 


V 


I OH = - i m A, DEC Output Pin 





Notes: 1. Typical values are at Vqc = 5 V, Ta 
2. Iql = 6 mA for 45 ns version. 



25°C and for reference only. 



• Capacitance (T A = 25°C, f = 1 .0 MHz) 












Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Note 


Input Capacitance 


Mn 


— 


— 


6 


pF 


V in = 0V 




Output Capacitance 


^out 


— 


— 


9 


pF 


Vout = 0V 


2 



Notes: 1. This parameter is sampled and not 100% tested. 
2. 13, 15-24, 26 pin. 



• AC Characteristics (Vcc 
AC Test Conditions 



5V ±10%, Ta = to +70°C, unless otherwise noted.) 



Input and Output Timing Reference Levels: 1 ,5V 
Input Pulse Levels: V§s to 3V 
Input Rise and Fall Times: 5 ns 



HM63021-28/34 



DEC Output Load 

O +5V 



D out Output Load (A) 

Q+5V 



DECO- 



Dout O— 



777 



*1 
' 30pF 



77/ 0106-4 

Note: *1. Including scope and jig. 



D ut Output Load (B) 
(*OLZ> tQHz) 



Dout O- 



*1 
5 P F 



7TT 



HM63021-45 

DEC Output Load 



DEC Q- 



D out Output Load (A) 

+ 5V 



Dout Q- 



30pF*' 



III 0106-7 

Note: *1. Including scope and jig. 



D ou t Output Load (B) 
(tOLZ> tQHz) 



Dout O - 



7" 
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Read Cycle 







Symbol 


HM63021-28 


HM63021-34 


HM63021-45 


Unit 




Min 


Max 


Min 


Max 


Min 


Max 


Read Cycle Time 


tRC 


28 


— 


34 


— 


45 


— 


ns 


Read Clock Width 


tRWL 


10 


— 


10 


— 


15 


— 


ns 




tRWH 


10 


— 


10 


— 


15 


— 


ns 


Access Time 


tAC 


— 


20 


— 


25 


— 


30 


ns 


Decode Output Access Time 


(Fall) 


*DA1 


— 


20 


— 


25 


— 


30 


ns 


(Rise) 


*DA2 


— 


40 


— 


50 


— 


60 


ns 


Output Hold Time 


tOH 


5 


— 


5 


— 


5 


— 


ns 


Decode Output Hold Time 


(Fall) 


tDOHl 


5 


— 


5 


— 


5 


— 


ns 


(Rise) 


*D0H2 


5 


— 


5 


— 


5 


— 


ns 


Output Enable Access Time 


tOE 


— 


20 


— 


25 


— 


30 


ns 


Output Disable to Output in High Z 


*OHZ 





15 





20 





25 


ns 


Output Enable to Output in Low Z 


tOLZ 


5 


— 


5 


— 


5 


— 


ns 



Write Cycle 



Parameter 


Symbol 


HM63021-28 


HM63021-34 


HM63021-45 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Write Cycle Time 


twc 


28 


— 


34 


— 


45 


— 


ns 


t wc (lH/2HMode) 


56 


— 


68 


— 


90 


— 


ns 


Write Clock Width 


twWL 


10 


— 


10 


— 


15 


— 


ns 




twWH 


10 


— 


10 


— 


15 


— 


ns 


Input Data Setup Time 


*DS 


5 


— 


5 


— 


7 


— 


ns 


Input Data Hold Time 


*DH 


5 


— 


5 


— 


7 


— 


ns 


WE Setup Time 


tWESL 


5 


— 


5 


— 


7 


— 


ns 


tWESH 


5 


— 


5 


— 


7 


— 


ns 


WE Hold Time 


tWEHL 


5 


— 


5 


— 


7 


— 


ns 




tWEHH 


5 


— 


5 


— 


7 


— 


ns 


WT Setup Time 


tWTSL 


5 


— 


5 


— 


7 


— 


ns 


tWTSH 


5 


— 


5 


— 


7 


— 


ns 


WT Hold Time 


tWTHL 


5 


— 


5 


— 


7 


— 


ns 




tWTHH 


5 


— 


5 


— 


7 


— 


ns 



Reset Cycle 



Parameter 


Symbol 


HM63021-28 


HM63021-34 


HM63021-45 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Reset Setup Time 


tRES 


8 


— 


9 


— 


10 


— 


ns 


Reset Hold Time 


tREH 


5 


— 


5 


— 


7 


— 


ns 


Clock Setup Time Before Reset 


tREPS 


8 


— 


9 


— 


10 


— 


ns 


Clock Hold Time Before Reset 


tREPH 


5 


— 


5 


— 


7 


— 


ns 
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Mode Description 

• Time Base Compression/ Expansion Mode 

This mode turns HM63021 into a 2048-word x 8-bit FIFO 
memory with asynchronou s input /output. The HM63021 
provide s 2 clocks (RCLK, WCLK) and 2 resets (RRES, 
WRES), one each for read and write. The internal address 
counters increment by 1 address clock and are reset to 
address 0. A write-inhibit function of HM63021 stops writ- 
ing automatically after the data has been written into all 
addresses to 2047. T he write-inhibit function is released 
by reset using WRES, and the HM63021 restarts writing 
into address 0. 

• Double-Speed Conversion Mode 

This mode turns HM63021 into a 1024-word x 8-bit x 2 
memory with asynchronous input/output. It is used for 
generating non-interlaced TV signals. When the original 
signal and the interpolated signal (1 field delay) of inter- 
laced signls are input to the HM63021, multiplexed per 
dot, it outputs non- interla ced signals for each line. 8 fsc 
should be input to RCLK and WCLK. A standard H syn- 
chronizing sign al and a non -interla ce H synchronizing sig- 
nal are input to WRES and RRES respectively. A write-in- 
hibit function is provided in this mode, making it applica- 
ble to PAL TV, where extra data (1135-1024 = 111 bits) 
is ignored. 

• TBC Mode 

This mode turns HM63021 into 2048-word x 8-bit FIFO 
memory with async hronous input /output. The H M63021 
provide s 2 clocks (RCLK, WCLK) and 2 resets (RRES, 
WRES), one each for read and write. The internal address 
counters increment by 1 address at each clock and are 
reset to address 0. The internal address counters return 
to address after they reach address 2047. The 
HM63021 outputs a write decode pulse from WDEC, sy- 
chronizing it with address 2047 in th e write address coun- 
ter, and read a decode pulse from RDEC, synchronizing 



with address 2047 in the read address counter. Using 
these pulses, the memory area can be extended easily 
(multiple-HM63021s can be used with ease). 

• 1H/2H Delay Mode 

This mode turns HM63021 into a 1024-word x 8-bit x 2 
delay line with synchronous input/output. Delay time is 
defined by the reset period of RES. Since the HM63021 
output s a 90 1 decode p ulse (D E C1) a nd a 910 decode 
pulse (DEC2), connecting DEC2 to RES, for example, out- 
puts 1H- and 2H- delayed signals alternately at a 8- fsc 
cycle when the original signal is input at a 4- fsc cycle. A 
write-inhibit function is provided in this mode, making it 
applicable to PAL TV, where extra data (1135-1024 = 
1 1 1 bits) is ignored. 

• Delay Line Mode 

This mode turns HM63021 into a 2048-word x 8-bit delay 
line with synchronous input/output. Del ay tim e (3 to 2048 
bits) is defined by th e reset period of RES. The delay is 
2048 bits when RES is fixed High. Signals delayed by 910 
bits to 1 1 35 bits for example, can be easily obtained with- 
out extern al circ u its by jus t con necting selected decoded 
pulses on DEC1-DEC4 to RES. 

Notes on Using HM63021 

• Hitachi recommends that pin 13 (high impedance) should 
be fixed by pulling up or down with a resistor (of several 
kfl) in TBC or DSC mode. 

• Hitachi recommends that the mode signal input pins and 
DS pin should be fixed by pulling them up or down with a 
resistor (of several kfl). 

• Data integrity cannot be guaranteed when mode is 
changed during operation. 

• When a read address coincides with a write address in 
TBCE, TBC or DSC mode, the data is written correctly but 
it is not always read correctly. 



(1) Read after Write (3 bits delay) 



WLCK 

RCLK \ 


^ 


















•*— Write Cycle 

' ^ t ifcmin 


0106-9 


-i.-ii- 


— f n U 


I n + 1 1 


— 1 n + 2 k 




— j n |- 




1 n+1 \ 


— | n±i |- 






/ 
















r 














««— Read Cycle 


Hn-2|- 


I n 1 I 


H • h 


1 _ , , 1 


1 n * I 




— , ... i | 

















(2) Write after Read (2048 bits delay) 



RCLK 




Write Cycle 



Read Cycle 
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HM63021 Series 



At power on, the output of the address counter is not de- 
fined. Therefore, operations before the system is reset 
cannot be guaranteed, and decode signal output is not 
defined until after the first reset cycle. 

The decode signal is latched by a decode output latch cir- 
cuit at the previous address of the internal counter ad- 
dress and is output synchronized with the next address. 
For example, WDEC in TBC mode is latched at write ad- 
dress 2046 and is output at write address 2047. If a write 
reset is performed on a ddress 2 047 at this time, the write 
address becomes and WDEC is output. 

The same operation is performed in other modes. 



In the reset cycle, the input levels of WRES, RRES, RES 
are raised to satisfy tREH> and are fixed high until tREPH in 
the next pre-reset cycle is satisfied. The rise timings of 
the reset signals (RES, WRES, RRES) are optionals pro- 
vided that the tREPS specif ication is satisfied. The timings 
at which RES, WRES, and RRES fall after preset are also 
optional, provided that the tREPH and tREs specifications 
are satisfied. 




• Hitachi recommends that t m (time between mode set and 
the first cycle (Pre-reset)) should be kept for 2 cycle 

(1) TBCE, TBC, DSC and Delay Line Mode 



time (56 ns/68 ns/90 ns) or more while the power supply is 
on. 



xm: 



WCLF 

(CLK) 



WRES 77777 

(res) LLLUU 



\UM \LLU 
7/////////////A 



xraramsraxgsroc 



Pre 
reset 
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(2) 1H/2H Delay Mode 



-ads SKTO ™ 



5SS 



WWWWWWWV 



um ji/f/fn/fm n mmm 



Pre 
reset 



y 



y 



v 



0106-13 

Note: When mode pins are fixed with Vco GND in mode set 
while the power supply in on, t m spec is not needed. 



Decode Signal 

When internal address counter reaches the specified address as shown below, decode outputs become low. 



Mode 


Pin 

No. 


Pin 
Name 


Internal Address 
Counter 


Timing of the 
Output Signal 


Operation 


TBC 


13 


WDEC 


Write 2047 


After Write 2047 


Completion of Writing on all bits is detected. 


26 


RDEC 


Read 2047 


Output of 2046 


Completion of Reading from all bits is detected. 


1H/2H 


13 


DECT 


Read 900 (2H) 


Output of 900 (1H) 


By inputting this signal to pin #3, 901/1802-bit 
delay output is obtained. 


26 


DEC2 


Read 909 (2H) 


Output of 909 (1H) 


By inputting this signal to pin #3, 910/1820-bit 
delay output is obtained. 




13 


DEC1 


Read 900 


Output of 899 


By inputting this signal to pin #3, 901 -bit 
delay output is obtained. 




Read 1810 


Output of 1809 


By inputting this signal to pin #3 after the 
frequency of DEC 1 is divided into two, 181 1-bit 
delay output is obtained. 


Delay 


26 


DEC2 


Read 909 


Output of 908 


By inputting this signal to pin #3, 910-bit delay 
output is obtained. 


Line 


Read 1819 


Output 1818 


By inputting this signal to pin # 3 after the 
frequency of DEC2 is divided into two, 1820-bit 
delay output is obtained. 




16 


DEC3 


Read 1134 


Output 1133 


By inputting this signal to pin # 3, 1 135-bit delay 
output is obtained. 




15 


DEC4 


Read 1125 


Output 1124 


By inputting this signal to pin # 3, 1 126-bit delay 
output is obtained. 



Note: 1. When counter is reset by Reset Signal (RRES, RES, WRES), address becomes 0. 
Write-lnhibit Function 

When internal address counter is as follows, writing is inhibited automatically for the next cycle, the write-inhibit function is can- 
celled by reset through WRES or RES. 



Mode 


Write-lnhibit Function 
(Internal Counter Address) 


TBCE 


Write-inhibit after address 2047 


DSC 


Write-inhibit after address 1023 x 2 


TBC 


No function 


1H/2H 


Write-inhibit after address 1023 


D 


No function 



Note: When address counter is reset by WRES or RES, address becomes 0. 
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Read Reset Cycle (TBCE, TBC Modes) 



\^J [J&] 



/ — ^_y — s . 



=•' - ////////A 



^ 



First Cycle 



A. 



°— • •■ <"-» x ft c^-Y ® r~^Mx '■' m- <«> x xx^" 



\ 



FTTH////////////// 



Notes: *1. The read address counter is reset at the first falling edge of RCLK after RRES falls, meeting the specifications of tREPS 
and tREPH> and it is not reset at the next falling edge of RCLK even if RRES is kept low. 
When tRES> tREH> tREPS> an d Ireph cannot meet the specifications, the reset operation is not guaranteed. 

*2. Output is from the read address of the previous cycle. 

*3. When RRES is fixed high, the data at the read address counter is reset after the data of address 2047 is output, and the 
same operation restarts. 

Write Reset Cycle (TBCE, TBC Modes) 



— n-l Cycle 



mm J n Cycle L»L 



™" /////////¥ 



^ 



First Cycle 



Second Cycle -"4— ■] Third Cycle 



r^\ r~\ 



mmnmnnnzm 



w^w^jwf^yw£^yw£™ywL 



^ c 



"V 



TZ\ EZ± / \ 



Note: The write address counter is reset at the first falling edge of WCLK after WRES falls, meeting the specifications of tREPS and 
tREPH> and it i s not reset at the next falling edge of WCLK even if WRES is kept low. 
When tRES> tREH> Ireps* and tREPH cannot meet the specifications, the reset operation is not guaranteed. 
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Reset Cycle (DSC Modes) 



♦ 1. *3. *4 
WRES 



fftfMf 






'///////////¥ 



(B3)XX(A3)XX(B0)YX(A0)XX(B1)YY(A1)XX(B2)XX<A2 



^ 



£_Jzzz 



* 2, * ft. * 4 
RRES 



[nwnn 



iSZZZZF 



^ 



mznnr\ 



2 



(Bl) X <B2) X < B3 > X < A0 > 3K < A1) X (A2) A (A3) 7K (B0) A (B1) X (B2) A (B3) j 



Reset Timing 1 



Reset Timing 2 



Notes: 



*1. The write address counter is reset at the first falling edge of WCLK after WRES falls, meeting the specifications of tREPs 
and tREPH, and it is not reset at the next falling edge of WCLK even if WRES is kept low. 
When tR£s> tREH> Ireps* an <3 tREPH cannot meet the specifications, the reset operation is not guaranteed. 

*2. The read address counter is reset at the first falling ed ge of R CLK af ter RR ES falls, meeting the specifications of tREPs 
and tREPH> and it is not reset at the next falling edge of RCLK even if RRES is kept low. 
When tRES> tREH> tREPS> an d tREPH cannot meet the specifications, the reset operation is not guaranteed. 

*3. When tREPH> tRES> tREH (WRES to WCLK), or tREPS> tREPH> tRES> tREH (PRES to RCLK) cannot meet the specifica- 
tions, the output of video signal A is not guaranteed. (Reset Timing I). 

*4. When tREPs (WRES to RCLK), or tRES> tREH> tREPS> tREPH (PRES to RCLK) cannot meet the specifications, the inter- 
polation signal B is not guaranteed. (Reset Timing II). 
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HM63021 Series 



Reset Cycle (1H/2H Mode) 



p I Address Address II Address 

Kesel I IO(lH)Outputlp2H.OutputJ| Input 



CLK 

(ttsc) 



*1 

WT 

Ufsc) 



jzr 



* 2 7777^ 



T£v 



JIT 



^£Sk 



^£fc 



WTSL tWTHL 



m 



twTSM twTHH 



y ^s n r 



+//////////////////// 



*« *o**i 



"■* XED<mMX<iiI)<™S2@SSm»C]E)®ffi 



XE)®CE)®cb®cSbe®S 



ih m 



±-Jl 



i 



ED®C 



2H IH 2H IH 



WESL « WEHL 



2 



^ r 



a r 



(High) or (Low) 



Notes: *1. WT is the input during half cycle of CLK, meeting the specifications of twTSL> tWTHL> t\yTSH> anc * twTHH- Data is 

written when WT is low. Reset is possible when WT is high. 
*2. Read address counter is reset at the first falling e dge o f CLK after RES falls, meeting the specifications of tREPs an( * 

tREPH' ana< it is not reset at the next falling edge of CLK even if RES is kept low. 

When tREs> tREH> tREPS> an d tREPH cannot meet the specifications, the reset operation is not guaranteed. 
*3. When DS is fixed high, IH output data is delayed by n bits and 2H output data is delayed by 2n bits where 2n is the reset 

cycle of RES. 

When DS is fixed low, IH output data is delayed by n — 5 bits and 2H output data is delayed by 2n — 5 bits. 
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Reset Cycle (D Mode) 



RES* 



TTTT , 



[reset] 



t REPS^**^*~^' t REPH 



Jreh^ 



*/?///'//////////// 



^eslK^'^Vehl 

A A 



*DH 



^n Yt^WF ty ffi^ ^ 



r\ r\ r\ 






Note: *1. The read address counter is reset at the first falling edge of CLK after RES falls, meeting the specifications of tREPs an d 
tREPH> an d it is not reset at the next falling edge of CLK even if RES is kept low. 
When tRES> tREH> tREPS> an d tREPH cannot meet the specifications, the reset operation is not guaranteed. 

Write Enable (TBCE, DSC, TBC, D Modes) 



(CLK) 



WE* 1 



n Cycle 



n+1 Cycle \- 



n+2 Cycle 



n+3 Cycle 



| n+4 Cycle"]- 




SSffiSfflSSCEDSSKEDS 



Notes: *1. When twEHL> tWESH> t\VEHH> an d tWESL cannot meet the specifications, the write enable operation is not guaranteed. 
*2. In the delay line mode, CLK takes the place of WCLK. 
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Write Enable (1H/2H Mode) 



CLK 
(8fsc ) 



WT 

Ufsc) 



w /77 -^f 



~\ r 



twWL twWH 'Wlfi. ' 



yZT~^ 



m 



^ 



~ \/////y task 



w 



j)(^n c)C)cmM ^ w^^ 



Note: *1. When t\yTSL> t\VTHL> tWEHD an ^ t\vEHH cannot meet the specifications, the write enbable operation is not guaranteed. 

Decode Output (TBC, D Modes) 



CLK* 1 
WCLK 

rcLk 

DEC* 2 


\ 


/ * 


\ / 

lOA) 


' \ 


lOAt 


\ 


/ 


\ 


0106-21 


'OOMI 


tooHt_ 










\v 


-m 


' 











Notes: *1. In TB C mode, W C LK or R CLK takes th e place o f CLK . 

*2. DEC is WDEC or RDEC in TBC, DEC1, DEC2, DEC3 or DEC4 in D mode. 

Decode Output (1H/2H Mode) 



f " ^2£= 



twTMH 



DEC1 
DEC2 



33= 



twTHH^ X " L 



=M 



T7^ ^W / 



32* 



Note: *1. When t\vTSL» tWTHL> t\VTSH> an d t\VTHH cannot meet the specifications, the decde output operation is not guaranteed. 
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Output Enable (All Modes) 



OE 








S_ 


? 


*OHZ 


High Z 


> 




•< > 






D ,* 1 
"out 


Data Valid 


) 


K 


[ Data Valid 






K 














0106-23 



Note: *1. Transition of toHZ an d t\vLZ is measured ±200 mV from steady state voltage with Output Load B. This parameter is 
sampled and not 100% tested. 
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HM53051 Series 

262, 144- Word x 4-Bit Frame Memory 

■ DESCRIPTION 

HM53051P is a 262,144-word x 4-bit frame memory, using the most advanced 
1 .3 /xm CMOS processes. It performs serial access by an internal address genera- 
tor. 

It offers a high-speed cycle time of 45 ns or 60 ns (min). As input data and out- 
put data can be written or read in any cycle, synchronized with a system clock, and 
the delay between data read/write operations is freely settable. Y/C separation and 
frozen pictures can be realized easily in 4 fsc NTSC digital TV or VCR systems. 
Also, it enables random access in 32-word x 4-bit data block. With this function, 
picture in picture or a multiplexed picture can be displayed with ease. 

■ FEATURES 

• 262,144-Word x 4-Bit Serial Access Memory 

• Organized with Dual Ports 

Serial Input 

Serial Output 

• High Speed 

Read/Write Cycle Time 

Access Time 

• Semi-Synchronous Read/Write Cycle 

• Low Power 

Active: 200 mW (typ) 

• Random Access in 32-Word x 4-Bit Blocks 

• External Refresh Control is Unnecessary 



.x 4-Bit 
.x 4-Bit 



. .45 ns/60 ns (min) 
. 35 ns/40 ns (max) 



■ ORDERING INFORMATION 






Part No. 


Access Time 


Package 


HM53051P-45 
HM53051P-60 


45 ns 
60 ns 


300 mil 18-pin 
Plastic DIP 
(DP-18B) 



BLOCK DIAGRAM 



SADO- 



tASO 



External 
Address 
Register 



CGRO- 
CGWO- 



o 



Address 
Counter 

& 
Register 



^ 



Read/Wnte/Refresh 
Control 

& 
Timing Generator 



Row 
Decoder 



Memory Array 

262.144X4 



THHHi 



Read Data 
Register 



EH 




Write Data 
Register 



WWY 



OE DoutO Dout2 

Doutl Dout3 



6 6 

DinO Din2 WE 

Dml Dm3 



HM53051P Series 




(DP-18B) 



PIN OUT 



HM53051P Series 


Dout2 f j" 




18 1 Vss 


Dout3 | 2 




17 \ Doutl 


OE | 3 




16 { DoutO 


TAS 1 4 




15 | SAD 


CLK | 5 




14 | SAS 


CGW [T_ 




~J3~1 CGR 


Dm3 | 7 




"171 we 


Din2 | 8 




11 \ DinO 


Vu j 9 




10 j Dml 




0107-1 


(Top View) 



PIN DESCRIPTION 



Pin Name 


Function 


Din 


Data Input 


D ut 


Data Output 


OE 


Output Enable 


TAS 


Transfer Address Strobe 


CLK 


System Clock 


CGW 


Clock Gate (Write) 


CGR 


Clock Gate (Read) 


SAD 


Serial Address 


SAS 


Serial Address Strobe 


WE 


Read/Write Enable 
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■ FUNCTIONAL DESCRIPTION 

• Serial Access Memory with I/O Separated 

Read cycle and write cycle of HM53051 can be operated 
independently synchronized with a system clock. It realizes 
time compression or expansion for picture in picture in digital 
TV, for example. 



• Write Cycle by CGW 

Write data are taken in at the falling edge of the system 
clock CLK when CGW is low. If CGW is high, HM53051 
does not enter write cycle (cycle time is defined by sy stem 
clock cycle time). Time is compressed easily with CGW. 



CLK 
CGW 
Din 




I I I I I I I I I I 




I I I 




XX * XXXX o„ +1 xxxxxxxxx d„ +2 xxxxxxxx 

0107-3 



• Read Cycle by CGR 

Re ad d ata is outp ut at the fallin g edge of the system 
clock CLK when CGR is low. If CGR is high, HM53051 does 



not enter read cycle (cycle time is defined b y syst em clock 
time). Time is expanded is realized easily with CGR. 



CLK 
CGR 
Dout 


















I 


I 


I 


I 


"i i 


I I 


i i 










r 




r 


i 
















On 


D®C 


Dn+l 


IXXXZZ 


Dn + 2 


XXX 


Dn + 3 


0107-4 







■ RANDOM ACCESS 

The HM53051 is also capable of random access by serial 
address input, SAD. Rando m acc ess by the unit of 32-word 
x 4-bit is performed, when TAS is low after read address 
(AR0-AR12), write address (AW0-AW12) and mode setting 



flags, RF (Read Flag), WF (Write Flag) and^MF (Mode Flag) 
are read into by SAD with synchronous SAS. In o rder to out- 
put data continuously, the address specified by SAD incre- 
ments automatically. 




■ MODE PROGRAMMING 

Operation mode in HM53051 is programmed by the combination of SAD 5-bit. 



MF 


WF 


RF 


AWO 


ARO 


Mode 











X 


X 


Write/Read Address Asynchronous Transfer 








1 


X 


X 


Write Address Asynchronous Transfer 





1 





X 


X 


Read Address Asynchronous Transfer 





1 


1 


X 


X 




1 








X 


X 


Write/Read Address Synchronous Transfer 


1 





1 


X 


X 


Write Address Synchronous Transfer 


1 


1 





X 


X 


Read Address Synchronous Transfer 


1 


1 


1 


1 


1 


System Reset 


1 
1 
1 


1 
1 


1 





1 






Inhibit 



Note: x means Don't Care. 
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HM53051 Series 



■ READ/WRITE ADDRESS ASYNCHRONOUS TRANSFER MODE 
• Read Address Asynchronous Transfer Mode 

(1 ) Read address asynchronous transfer mode (1 ) (CGR: Low) 



31 32 33 



63 64 65 



CLK 

TAS "~| T 

CGR 



°- zj®CD®cu®c — : 



Add AR .L AddAR + 1 



Note: The data block at read address AR, specified by SAD, is output starting from the 32nd system clock after the falling of TAS. 
(2) Read address asynchronous transfer mode (2) (CGR: High) 



CLK 
TAS 
CGR 
Dout 


1 2 


3 


31 


32 


33 


34 35 36 


0107-7 


1 1 






























m 


Dl 


Add AR 













Notes: 1. The data block at read address AR, specified by SAD, is output starting from the 32nd system clock after the falling of 

T AS. 

2. If CGR is turned to low after 33rd clock from falling edge of TAS, the data at read address AR( D2, D3, D4 . . . ) is output 
with synchronous CLK while CGR is low. 

• Write Address Asynchronous Transfer Mode 

(1) Write address asynchronous transfer mode (1) (GRW: Low) 



CLK 

TAS 

CGW 
Din 


1 2 3 


31 


32 


33 63 64 65 


0107-8 


1 1 








Add AW 


--DG 


<™m 


Add AW + 1 | Add AW + 2 






r r 


r r 



Note: The data block at write address AW, specified by SAD, is taken in starting from the 1st clock after the falling edge of TAS. 
(2) Write address asynchronous transfer mode (2) (CGW: High) 




1 



♦>>>>^>AWA*>>>>>>>>>>>>; 



mMMwmm -zntorwwDrwi « 



Note: If CGW is turned to low after falling of TAS, the data block at write address AW is taken in with synchronous CLK. 
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HM53051 Series 



■ READ/WRITE ADDRESS SYNCHRONOUS TRANSFER MODE 
• Read Address Synchronous Transfer Mode 



1 2 

CLK 1_J~L_T 



TAS 
~GR 




^ U— AddARN— a •+" AddARN + 1 4- AR 



Note: When TAS turns to low, the data block at read address AR, specified by SAD, is output after the data block at the present read 
address ARN, and the next address ARN + 1 is put out. 

• Write Address Synchronous Transfer Mode 




Add AW 



Note: When TAS turns to low, the data block being written is taken into write address AW. 
■ SYSTEM RESET MODE 

System reset mode is the same as read/write address asynchronous transfer mode except that read/write address are reset 
toO. 

• System Reset by SAD 

Note: System reset mode starts when MF, WF, RF, AWO, and ARO are all high. 



• System Reset by SAS and TAS 








cEK- IJ - L _ n 


0107-12 


SAS "| | 


TAS ~] | 

ym System reset mode 



Note: System reset mode starts when both SAS and TAS are low at the falling edge of the CLK. 

• 1 Field Delay 

Note: Field-delayed data is output, when CGR and CGW turn to high before the system reset at the beginning of every field, and turn 
to low simultaneously after the 33rd clock from the system reset. 
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■ NOTES ON USING HM53051 

• Input/Output data of 32 words is not written or read in 
read/write address asynchronous transfer mode or during 
system reset. The data is written or read out in blocks of 
32-word x 4-bit. Input data of less than 32 words is not 
written in write address asynchronous transfer mode or 
during system reset. When asynchronous read address 
transfer mode or system reset mode is activated, output 
from the current data block will continue. When output 
data from the current data block is finished, the next data 
block is not read out if it has less than 32 words. 

(1) Read/write address asynchronous transfer mode 



• Input data is not read out immediately. The data (32 word 
x 4-bit) is written into the memory array in the next 32 cy- 
cles after it is taken in. 

The data can be read out only after writing to the memory 
array is completed. If read address transfer mode is pro- 
grammed after the 33 word clock from on input data block, 
new data can be read out. If this mode is programmed be- 
fore the 33 word clock, new data or old data is output. 



CLK 

cycle 

TAS 
Din 
Dout 
















1 


2 


3 




32 


1 


2 


3 




32 


1 


2 


3 




32 


1 


2 


3 




32 




- 






















1 

( Write Address 

AN) 




Writing on 
Address AN 
















f Read Address 

AN) 






Reading from 
_ Address AN 


Din of 
Address AN 










Dout of 
Address AN 






" 




1 


1 


1" 
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(2) Read/write address synchronous transfer mode 









CLK 
cycle 


1 


2 


3 




32 


1 


2 


3 




32 


1 


2 


3 




32 


1 


2 


3 




32 
















TAS 
Din 
Dout 








Writing on 
Address AN 








' Write Ad 


dress 

AN) 






(Read Address 

AN) 






Din of 
Address AN 
























Dout of 
Dout of Reading from Address AN Address 
| Address AR 1 Dout of Address AR + 1 1 AN 
























r r r I 
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HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



965 



HM53051 Series 



• Mode Programming 

Do not reprogram read address transfer mode before a 
read operation of the previous read address transfer mode 
or system reset mode is completed. If it is reprogrammed 
during a read operation, address becomes invalid, and the 
device may malfunction. 

(1) Read address asynchronous transfer mode 



Do not reprogram write address transfer mode or system 
reset mode before a write operation of the previous write ad- 
dress transfer mode or system reset mode is completed. If it 
is reprogrammed during a write operation, address becomes 
invalid, and the device may malfunction. 













0107-15 


CLK 

cycle 

TAS 
Dout 


1 


2 


3 




32 


1 


2 


3 




32 


1 


2 


3 




32 








































(Read Address AN) 




< Read Address AM ) 






Reading from 
Address AN 






Reading from 
Address AM 


Dout of 
Address AM 




Dout of 
Address AN 





(2) Read address synchronous transfer mode 



CLK 
cycle 

TAS 
Dout 
















0107-16 


1 | 2 | 3 | ■ • • 


32 


, | 2 | 3 | ... 


1* 


- 1 - 1 - 1 — 


32 


"1*1 


1 1 




u 

(Read Address AN) 


Reading from 
Address AN 


1 1 

(Read Address AM) 


Reading from 
Address AM 




Dout of 
Address AN 










" 



(3) Write address asynchronous transfer mode 













0107-17 


CLK 

cycle 

TAS 
Din 


1 


2 


3 




32 


1 


2 


3 




32 


1 


2 


3 




32 


































(Write Address AN) 




( Write Addiess AM > 










Din of 

Address AN 


Writing on 
Address AN 


Din of 
Address AM 



966 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM53051 Series 



(4) Write address synchronous transfer mode 













0107-18 


CLK 
cycle 

TAS 
Din 


1 


2 


3 




32 


1 


2 


3 




32 


1 


2 


3 




32 










1 












u 

(Write Address AM) 


(Write Address AN) 










Dm of 
Address AN 


Writing on 
Address AN 


Din of 
Address AM 





Addresses must be set by read and write address asyn- 
chronous transfer or system reset 100 juts after power on. 

I ABSOLUTE MAXIMUM RATINGS 



Before an address can be set, 32 CLK initialization cycles or 
more are required. 



Parameter 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to V§s 


v T 


-1.0 to +7.0 


V 


Power Dissipation 


P T 


1.0 


w 


Operating Temperature 


Topr 


to + 70 


°c 


Storage Temperature 


T stg 


- 35 to + 125 


°c 


Storage Temperature (under Bias) 


Mnas 


-lOto +85 


°c 



I ELECTRICAL CHARACTERISTICS 

> Recommended DC Operating Conditions (Ta = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 




v S s 











V 




Input Voltage 


Vm 


2.7 


— 


6.5 


V 




Vil 


-0.5 


— 


0.8 


V 


1 



Note: 1. - 3.0V for pulse width < 10 ns. 

• DC and Operating Characteristics (T A = to +70°C, Vcc = 5V ±10%, Vss = 0V) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Note 


Operating Power Supply Current 


r CC 


- 


40 


60 


mA 


Min. Cycle, 
I out = mA 




Input Leakage Current 


Ili 


-10 


- 


10 


uA 


V C c = 55V 

V in = V SS to V CC 




Output Leakage Current 


Ilo 


-10 


- 


10 


jxA 


OE = V IH 

v out = V ss toV C c 




Output Voltage 


Vol 


— 


— 


0.4 


V 


Iql = 4.2 mA 




VOH 


2.4 


— 


— 


V 


lOH = -2mA 





• Capacitance (T A = 25°C, f = 1.0 MHz) 














Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Note 


Input Capacitance 


On 


— 


— 


5 


pF 


V in = 0V 




Output Capacitance 


Q>ut 


— 


— 


7 


pF 


Vout = 0V 





Note: This parameter is sampled and not 100% tested. 
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HM53051 Series 



• AC Characteristics (V C c = 5V +10%, T A = to +70°C) 
AC Test Conditions 

Input and Output Timing Reference Levels: 1 .5V 

Input Pulse Levels: Vss to 3V 

Input Rise and Fall Times: 5 ns 

Output Load: 2 TTL + 50 pF 

(Including scope and jig) 



Parameter 


Symbol 


HM53051-45 


HM53051-60 


Unit 


Min 


Max 


Min 


Max 


System Clock Cycle Time 


tec 


45 


300 


60 


300 


ns 


CLK Pulse Width 


tCL 


15 


— 


15 


— 


ns 




tCH 


15 


— 


15 


— 


ns 


Access Time from CLK 


*AC 


— 


35 


— 


40 


ns 


Output Hold Time 


tOH 


5 


— 


8 


— 


ns 


Output Enable Access Time 


k)EA 


— 


25 


— 


30 


ns 


Output Enable to Output in Low Z 


tOLZ 


5 


— 


5 


— 


ns 


Output Disable to Output in High Z 


*OHZ 





20 





20 


ns 


CGR Setup Time 


*GRS 


15 


— 


15 


— 


ns 


CGR Hold Time 


tGRH 


5 


— 


5 


— 


ns 


CGW Setup Time 


tGWS 


15 


— 


15 


— 


ns 


CGW Hold Time 


tGWH 


5 


— 


5 


— 


ns 


Write Command Setup Time 


twes 


15 


— 


15 


— 


ns 


Write Command Hold Time 


twCH 


5 


— 


5 


— 


ns 


Data Input Setup Time 


*DS 


15 


— 


15 


— 


ns 


Data Input Hold Time 


*DH 


5 


— 


5 


— 


ns 


SAS Cycle Time 


tsc 


45 


— 


60 


— 


ns 


SAS Pulse Width 


tSL 


15 


— 


15 


— 


ns 


*SH 


15 


— 


15 


— 


ns 


Serial Address Setup Time 


tSAS 


15 


— 


15 


— 


ns 


Serial Address Hold Time 


tSAH 


5 


— 


5 


— 


ns 


SAS Setup Time during Mode Programming 


tSSH 


15 


— 


15 


— 


ns 


SAS Hold Time during Mode Programming 


tSHH 


5 


— 


5 


— 


ns 


TAS Setup Time 


*TS 


15 


— 


15 


— 


ns 


TAS Hold Time 


tTH 


5 


— 


5 


— 


ns 


SAS Setup Time during 

System Reset by SAS/TAS 


tSSL 


15 


- 


15 


- 


ns 


SAS Hold Time during 

System Reset by SAS/TAS 


tSHL 


5 


- 


5 


- 


ns 
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I TIMING WAVEFORMS 
' Read/Write Cycle 



\ 



"^L 



IK 



iae 



tE 



F 



"Y 



>X XXXXXX X XXtT 



immmj f 



i 



\ 



tcWH 



TO O O OO OOft 



feraraxssmramsdc 



mxmxmxx)[mxxxmxxxxx£ 



M 



jz: 



w 



w: 



IE 



WC 



Notes: 1. Write cycle starts when CGW is low and WE is low. Data are not written when WE is high. Time-compression mode is 

realized by controlling CGW. 

2. Read cycle starts when CGR is low. Time-expansion mode is realized by controlling CGR. 

• Read Cycle (OE Control) 



\. 



CGR 



OE 



S2L 



f 



imnmnnnL 



\ 



toLZ 



KHSS®( 



y 



h- 



Notes: 1. tQHZ is defined by the time at which the output achieves the open circuit condition. 
2. tQLZ and tQHZ are sampled and not 100% tested. 
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HM53051 Series - 
• Mode Selection 



CLK 



SAS 



SAD 



TAS 



\ X \ > n ^v 



V 



tec 



ten , . , *Ct 



n^EU 



tfH i tjs ttH trs 



TSS5EL 



-a- 



tsHH 



JxzM 



^ 



Note: SAS operates asynchronously with CLK. When TAS is low at the falling edge of the CLK, the addres transfer cycle starts. SAS 
should be high during the address transfer cycle. 

• SAS, TAS Reset Mode 



CLK 



SAS 



\ 



I tsSL 

St 



TAS \ \ 



tec 



td 



B I tc_H mm tcjL ^ 



V 




■X////////////////1/X 



Is 



& 



Note: The mode which was selected by SAD before SAS and TAS reset, if S AS a nd T AS a re reset, should be changed because SAD is 
newly taken into by SAS. The mode should be reselected by SAD after SAS and TAS reset. 
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HM53461 Series 

65,536-word x 4-bit Multiport CMOS Video RAM 

■ DESCRIPTION 

The HM53461 is a 262,144-bit multiport memory equipped with a 64k-word x 
4-bit Dynamic RAM port and a 256-word x 4-bit Serial Access Memory (SAM) port. 
The SAM port is connected to an internal 1 ,024-bit data register through a 256-word 
x 4-bit serial read or write access control. In the read transfer cycle, the memory 
cell data is transferred from a selected word line of the RAM port to the data regis- 
ter. The RAM port has a write mask capability in addition to the conventional opera- 
tion mode. Write bit selection out of 4 data bit can be achieved. 

Utilizing the Hitachi 2 jam CMOS process, fast serial access operation and low 
power dissipation are realized. All inputs and outputs, including clocks, are TTL 
compatible. 

■ FEATURES 

• Multiport Organization 

(RAM; 64k-word x 4-bit and SAM; 256 word x 4-bit) 

• Double Layer Polysilicon/Polyicide n-Well CMOS Process 

• Single 5V (±10%) 

• Low Power 

Active 

RAM 380 mW (max) 

SAM 220 mW (max) 

Standby 40 mW (max) 

• Access Time 

RAM 100 ns/120 ns/150 ns 

SAM 40 ns/40 ns/60 ns 

• Cycle Time Random Read or Write Cycle Time (RAM) 190 ns/220 ns/260 ns 

Serial Read or Write Cycle Time (SAM) 40 ns/40 ns/60 ns 

• TTL Compatible 

• 256 Refresh Cycles 4 ms 

• Refr esh F unction 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• Data Transfer Operation (RAM < — ► SAM) 

• Fast Serial Access Operation Asynchronized with RAM Port Except Data Transfer 
Cycle 

• Real Time Read Transfer Capability 

• Write Mask Mode Capability 

■ ORDERING INFORMATION 



HM53461P Series 




(DP-24A) 



HM53461ZP Series 




(ZP-24) 



Part No. 


Access Time 


Package 


HM53461P-10 
HM53461P-12 
HM53461P-15 


100 ns 
120 ns 
150 ns 


400 mil 24-pin 
Plastic DIP 
(DP-24A) 


HM53461ZP-10 
HM53461ZP-12 
HM53461ZP-15 


100 ns 
120 ns 
150 ns 


24-pin 
Plastic ZIP 
(ZP-24) 
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HM53461 Series 
■ PIN OUT 



HM53461P Series 


sc(T 




24]Vss 


si/o, (T 




23) si/o* 


si/o,(T 




22] si/03 


dt oe(T 




2J]S0E 


i/o,[T 




20) I/O4 


i/Ot[T 




19] I/O3 


we [7 




18) CAS 


rasQT 




17] Ao 


Ae|T 




IH Ai 


As[lO 




ni A2 


A4 QT 




14] A3 


Vti \VL 




H|A7 






0108-1 


(Top View) 



HM53461ZP Series 



1/04 2 


= 




SI/03 4 






V ss 6 






SI/01 8 






DT/OE 10 






1/02 12 






RASH 






A516 






V cc 18 






A3 20 






A122 






CAS 24 







1 1/03 


3 SOE 


5 SI/04 


7 SC 


9 SI/02 


11 1/01 


13 We 


15 A6 


17 A4 


19 A7 


21 A2 


23 AO 



(Bottom View) 



PIN DESCRIPTION 



Pin Name 


Function 


A0-A7 


Address Inputs 


IAVI/O4 


RAM Port Data Input/Output 


SI/O1-SI/O4 


SAM Port Data Input/Output 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


SC 


Serial Clock 


WE 


Write Enable 


DT/OE 


Data Transfer/Output Enable 


SOE 


SAM Port Enable 


Vcc 


Power Supply 


v S s 


Ground 



BLOCK DIAGRAM 



Write Mask 
control 



WEc 

CAS< 

RASC 
Ai 



WE clock 
generator 



CAS clook 
generator 



RAS clook 
generator 



°u 



X address 
buffer 



ZL 



Y address 
buffer 



Refresh 
address 
counter 



IO 1 



I0 2 



64K memory 
array 



103 IO« 

J L 



64K memory 
array 



256 data 
register 



64 K memory 
array 



256 data 
register 



XT 

RAS CA5 



A 

SIOi 



256 data 
register 



SIO2 



sios 



OT clock 
generator 



64 K memory 
array 



256 data 
register 



> DT OE 



Transfer 
control 



SOE clock 
generator 



SC clock 
generater 



>SOE 



)SC 



SI O buffer |*J 

siOi 
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HM53461 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vgs 


V T 


-1.0 to +7.0 


V 


Power Supply Voltage Relative to Vss 


v C c 


-0.5 to +7.0 


V 


Operating Temperature, T^ (Ambient) 


Topr 


Oto +70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 


Short Circuit Output Current 


W 


50 


mA 


Power Dissipation 


P T 


1.0 


W 



■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 




Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 




Input Low Voltage 


Vil 


-0.5 


— 


0.8 


V 


2 



Notes: 1. All voltages referenced to Vss- 
2. - 3.0V for pulse width < 10 ns. 



• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 


0V) 








Parameter 


Symbol 


SAM PORT 


HM53461-10 


HM53461-12 


HM53461-15 


Unit 


RAM PORT 


Note 


Standby 


Active 


Test Conditions 


Operating Current 


Icci 


— 


X 


70 


60 


50 


mA 


RAS, CAS Cycling 
t RC = Min 




!CC7 


X 


— 


110 


100 


80 


mA 




Standby Current 


IcC2 


— 


X 


7 


7 


7 


mA 


RAS, CAS = V IH 




ICC8 


X 


— 


40 


40 


30 


mA 






!CC3 


— 


X 


60 


50 


40 


mA 


CAS = V IH , 
RAS Cycling 
tRC = Min 




RAS Only Refresh Current 


ICC9 


X 


- 


100 


90 


70 


mA 






ICC4 


— 


X 


50 


40 


35 


mA 


RAS = Vil, 
CAS Cycling 
tpc = Min 




Page Mode Current 


iccio 


X 


- 


90 


80 


65 


mA 




CBR Refresh Current 


ices 


— 


X 


60 


50 


40 


mA 


RAS Cycling 
tRC = Min 




ice 11 


X 


— 


100 


90 


70 


mA 




Data Transfer Current 


IcC6 


— 


X 


75 


65 


55 


mA 


RAS, CAS Cycling 
tRC = Min 




ICC12 


X 


— 


115 


105 


85 


mA 





Parameter 


Symbol 


Min 


Max 


Unit 


Test Conditions 


Note 


Input Leakage 


in 


-10 


10 


jaA 






Output Leakage 


Ilo 


-10 


10 


juA 






Output High Voltage 


Voh 


2.4 


— 


V 


lOH - -2 mA 




Output Low Voltage 


Vol 


— 


0.4 


V 


Iql = 4.2 mA 





■ INPUT/OUTPUT CAPACITANCE 










Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Address 


Cn 


— 


5 


pF 




Clocks 


Q2 


— 


5 


pF 




I/O, SI/O 


c I/0 


— 


7 


pF 
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HM53461 Series 

■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 1 - 10 > 11 



Parameter 


Symbol 


HM53461-10 


HM53461-12 


HM53461-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


190 


— 


220 


— 


260 


— 


ns 




Read-Modify- Write Cycle Time 


tRWC 


260 


— 


300 


— 


355 


— 


ns 




Page Mode Cycle Time 


tpc 


70 


— 


85 


— 


105 


— 


ns 




Access Time from RAS 


tRAC 


— 


100 


— 


120 


— 


150 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


50 


— 


60 


— 


75 


ns 


3,4 


Output Buffer Turn-off Delay Referenced to CAS 


tOFFl 





25 





30 





40 


ns 


5 


Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


6 


RAS Precharge Time 


tRP 


80 


— 


90 


— 


100 


— 


ns 




RAS Pulse Width 


tRAS 


100 


10000 


120 


10000 


150 


10000 


ns 




CAS Pulse Width 


tCAS 


50 


10000 


60 


10000 


75 


10000 


ns 




RAS to CAS Delay Time 


tRCD 


25 


50 


25 


60 


30 


75 


ns 


7 


RAS Hold Time 


tRSH 


50 


— 


60 


— 


75 


— 


ns 




CAS Hold Time 


tCSH 


100 


— 


120 


— 


150 


— 


ns 




CAS to RAS Precharge Time 


*CRP 


10 


— 


10 


— 


10 


— 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


15 


— 


15 


— 


20 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 





— 


ns 




Column Address Hold Time 


*CAH 


20 


— 


20 


— 


25 


— 


ns 




Write Command Setup Time 


twes 





— 





— 





— 


ns 


8 


Write Command Hold Time 


twCH 


25 


— 


25 


— 


30 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


20 


— 


25 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


35 


— 


40 


— 


45 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


35 


— 


40 


— 


45 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 


ns 


9 


Data-in Hold Time 


tDH 


25 


— 


25 


— 


30 


— 


ns 


8,9 


Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time Referenced to RAS 


tRRH 


10 


— 


10 


— 


10 


— 


ns 




Refresh Period 


tREF 


— 


4 


— 


4 


— 


4 


ms 




RAS Pulse Width (Read-Modify- Write Cycle) 


tRWS 


170 


10000 


200 


10000 


245 


10000 


ns 




CAS to WE Delay 


tcWD 


85 


— 


100 


— 


125 


— 


ns 


8 


CAS Setup Time (CAS Before RAS Refresh) 


tCSR 


10 


— 


10 


— 


10 


— 


ns 




CAS Hold Time (CAS Before RAS Refresh) 


*CHR 


20 


__ 


25 


— 


30 


— 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 




CAS Precharge Time 


tCP 


10 


— 


15 


— 


20 


— 


ns 




Access Time from OE 


tOAC 


— 


30 


— 


35 


— 


40 


ns 




Output Buffer Turn-off Delay referenced to OE 


tOFF2 





25 





30 





40 


ns 




OE to Data-in Delay Time 


tODD 


25 


— 


30 


— 


40 


— 


ns 




OE Hold Time referenced to WE 


tOEH 


10 


— 


15 


— 


20 


— 


ns 




Data-in to CAS Delay Time 


*DZC 





— 





— 





— 


ns 




Data-in to OE Delay Time 


tDZO 





— 





— 





— 


ns 




OE to RAS Delay Time 


tORD 


35 


— 


40 


— 


45 


— 


ns 




Serial Clock Cycle Time 


tscc 


40 


— 


40 


— 


60 


— 


ns 




Access Time from SC 


tSCA 


— 


40 


— 


40 


— 


60 


ns 


10 


Access Time from SOE 


tSEA 


— 


25 


- 


30 


- 


40 


ns 


10 
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HM53461 Series 



■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(T A = to +70°C, V C c = 5V ±10%, V S s = 0V)1. 10 > 11 (continued) 



Parameter 


Symbol 


HM53461-10 


HM53461-12 


HM53461-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-out Hold Time after SC High 


tS0H 


10 


— 


10 


— 


10 


— 


ns 




Serial Output Buffer Turn-off Delay from SOE 


tSEZ 





25 





25 





30 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 





— 


ns 




Serial Data-in Hold Time 


tSIH 


15 


— 


20 


— 


25 


— 


ns 




DT to RAS Setup Time 


tDTS 





— 





— 





— 


ns 




DT to RAS Hold Time (Read Transfer Cycle) 


tRDH 


80 


— 


90 


— 


110 


— 


ns 




DT to RAS Hold Time 


tDTH 


15 


— 


15 


— 


20 


— 


ns 




DT to CAS Hold Time 


tCDH 


20 


— 


30 


— 


45 


— 


ns 




Last SC to DT Delay Time 


tSDD 


5 


— 


5 


— 


10 


— 


ns 




First SC to DT Hold Time 


tSDH 


25 


— 


25 


— 


30 


— 


ns 




DT to RAS Delay Time 


tDTR 


10 


— 


10 


— 


10 


— 


ns 




WE to RAS Setup Time 


tws 





— 





— 





— 


ns 




WE to RAS Hold Time 


tWH 


15 


— 


15 


— 


20 


— 


ms 




I/O to RAS Setup Time 


tMS 





— 





— 





— 


ns 




I/O to RAS Hold Time 


tMH 


15 


— 


15 


— 


20 


— 


ns 




Serial Output Buffer Turn-off Delay from RAS 


tSRZ 


10 


50 


10 


60 


10 


75 


I15> 




SC to RAS Setup Time 


tSRS 


30 


— 


40 


— 


45 


— 


ns 




RAS to SC Delay Time 


tSRD 


25 


— 


30 


— 


35 


— 


ns 




Serial Data Input Delay Time from RAS 


tsID 


50 


— 


60 


— 


75 


— 


ns 




Serial Data Input to DT Delay Time 


tsZD 





— 





— 





— 


ns 




SOE to RAS Setup Time 


tES 





— 





— 





— 


ns 




SOE to RAS Hold Time 


tEH 


15 


— 


15 


— 


20 


— 


ns 




Serial Write Enable Setup Time 


tsws 





— 





— 





— 


ns 




Serial Write Enable Hold Time 


tsWH 


35 


— 


35 


— 


55 


— 


ns 




Serial Write Disable Setup Time 


tswis 





— 





— 





— 


ns 




Serial Write Disable Hold Time 


tsWIH 


35 


— 


35 


— 


55 


— 


ns 




DT to Sout in Low-Z Delay Time 


tDLZ 


5 


— 


10 


- 


10 


- 


ns 





Notes: 1. AC measurements assume tj — 5 ns. 

2. Assumes that tRCD ^ tRCD (max). If tRCD is greater than the maximum recommended value shown in this table, tR^c 
exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that tRCD ^ tRCD (max). 

5. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

6. Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vjl. 

7. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

8. twcs an d tcwD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only: if t\ycs - t\VCS (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcwD - tcwD (min), the cycle is a read/write and the data output will contain data read 
from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

9. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

10. Measured with a load circuit equivalent to 2 TTL and 50 pF. 

11. An initial pause of 100 jus is required after power-up. Then execute at least 8 initialization cycles. 
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HM53461 Series 



I TIMING WAVEFORMS 
1 Read Cycle 



RAS • 



CAS- 



•*: 



tASR 

Address VXi ROW 



\ 



riz\ 



* v/////////// 



I/O 
(Output) 



I/O 
(Input) 



7Z777ZZ» 



<D IL (orw 



'/ 



:«& r ^wzm m? 7, 



<: 



Z* *%%&!, / 



w//// 



Y7% Do not care 



Early Write Cycle 



RAS- 



tRAH tASC 



WE 



/ ~ !5£ „\ 






^K7^tf>x^ tft///////////r, 



>33<2; 



I/O 
(Input) 



I/O 
(Output) 



DT/OE « 



V /// //////// 



^ry^tftoF^ xt/////////////. 



High Z 



^ V/ ///////////////7 ZZZZ 



V7% Do not care 



Note: *1. When WE is "H" level, all the data on the I/O can be written into the cell. 

When WE is "L" level, the data on the I/O are not written except for when I/O is "high" at the falling edge of RAS. 
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HM53461 Series 



• Delayed Write Cycle 



RA§ 



€as"- 



Address 



y. 



N 



tut 
DT/OE /^ 



»: 



/ 



KZZZZZZZZZZZZZZZZ 



wnk-^-/ //// //////// 



wmimnmm 



s-2C3®CHeZZZZZ2Z2ZZ 



I/O 
(Output)" 



High-Z 



|//d Do not care 



Note: *1. When WE is "H" level, all the data on I/O1-I/O4 can be written into the memory cell. 

When WE is "L" level, the data on I/Os are not written except for when I/O = "H" at the falling edge of RAS. 

• Read-Modify-Write Cycle 



RAS- 



\ 







ik>: 



\ 



/ 



/WW ,/KCi> 



m ZZ>©Z^' 



I/O 
(Input) 



2Z>© 



tin w/L 



I/O 
(Output) " 



KZZZZZZZZZ 



777777; 



DT/OE 



WJ^UhJ 



-tCWL- 
-tRUL- 



\z^Mnni 



3 r VALID J L 
\ Pout 3 f 



mzmrnmL 




777777T7. 



U771 Do not care 



Note: *1. When WE is "H" level, all the data on I/O1-I/O4 can be written into the memory cell. 

When WE is "L" level, the data on I/Os are not written except for when I/O — "H" at the falling edge of RAS. 
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HM53461 Series 



• Page Mode Read Cycle 



RS3« 



CA5- 



Address 



WE 




zzzzz 



/r\zr~xiy 



I/O 
(Output)" 



I/O 
(Input) 



DT/OE 



ZZZZfc 



< VALID \ 
Pout , * 







-*■■+► t«CS •*■—«. t*CS 

~~w : — :w~ 

tOttl tCAC tOFhl 



U> 



zzzzz 



-tRSH 
tCAS 



/7"^ 



j'validX 
i t Pout J r 



/o/-k2 r — - 




tow2 



<z> 






xzzzz 



tottl 



VALID 
Pout 



> 



tOAC Uihhl 



izz^__izzz 



y/7J Do not care 



' Page Mode Write Cycle (Early Write) 



RAS" 



Adress/ 




j=t \ y-g-dJit „ »\ K 



«•— tRSH— «»j 



/ A sc-rr- ,CAH columnT 1 *™" 



,ffiZZ2> t 



I/O 
(Output) 



zzzzzx 



**•£." iii^m. COLUMN^ ••— f— 

mm&ffl53&/ //////////, 

h77777r, 



tw 



M& 



VALID 
Pin 



•{HP- 



KZZZ2GOZZZZZZZZ 



High-Z 



™»w ^iinmiii/imimmmimiimiih 



\TTli Do not care 



Note: *1. When WE is "H" level, all the data on I/O1-I/O4 can be written into the memory cell. 

When WE is "L" level, the data on I/Os are not written except for when I/O = "H" at the falling edge of RAS. 
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HM53461 Series 



• Page Mode Write Cycle (Delayed Write) 



IAS • 



Cas- 



/ 



■ i . HA* ' : " _ tCAS _i i 

__„ „ L tCAS _, ■" " f 



tRP 
-tRSH *■ V*-- ■ 

tCAS _ i__ * c * p 



fw.S * ^"^ /M7' ' /W7' COLUMN tRWL 




WE /X *i 

/Mi 



nput) x/|^ 



r 

(Input) 



I/O 
(Output) 



DT/OE 



77 



zm&MzimnzL 



TTTTk . fTTTTTTA mT Kimillllli 





ALIO] 
Dm 



High Z 



'Jiininn, 



MIA Do not care 



Note: *1. When WE is "H" level, all the data on I/O1-I/O4 can be written into the memory cell. 

When WE is "L" level, the data on I/Os are not written except for when I/O = "H" at the falling edge of RAS. 

• RAS Only Refresh Cycle 



RAS 



\ 



CAS 



w 



V- 



*_ 



^ 



'MM 



—■rot - tjuiiiiiiimmiiiiiiiiin 

J toFF l 

2Zz£- 



1/0 

(Output) 



I/O - 
(Input) 



DT/OE 



^F 



viimiimiiiiiiiiiiimiii, 



^Z 



zzzzzzzzzzzzzzzzzzzzzzzzzz 



!//>! Do not care 
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HM53461 Series 



• CAS Before RAS Refresh Cycle 



RA5 ■ 



CAS« 



\ 



\ 



/ 



\ 



/ 



^ W/////////////////////////////7T/. 

«s-» '///////////////////////////////m 



I/O 

(Output) ' 



High Z 



™™ >///W////////////////////////777, 



t 



V/A Do not care 



> Hidden Refresh Cycle 



RA3 • 



N: 



CAS 



Address 



sf= 



2x: 






*=t 



hhl 



I/O 
(Output) 



DT/OE ^/f 



I/O 
(Input) 






w/ftntimtii/mn. 



^miimmmr, 



mi 



i 



VALID 
Dout 



fOA*2 J 

^77777 



> 



High Z 



]//A Do not care 
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HM53461 Series 



• Read Transfer Cycle (1)*% *2 



yZj^2\ 



I o 

(Output) 



io 77 



h 






V 



mmzmnzzzzm 



:w//////////////// 



I 



H.gh Z 



tCDH 



tUTR 



Wimuih 



„„„„ 'iiniiiiiiiiiiiiiiiwiiiiiitiiiuiM 

DT OE ' 



^ 



SC 



^3t=^ 



I /«r« 






(77 777 77-/ 



(Output) VvOa sou'i ft/ y ffii IH TOTS i^Z^ t s'ut d a Z 



SI/0 
(Input) " 



Previous 
High-Z Row "*" 



VIA Do not care 



Notes: *1. In the case that the previous data transfer cycle was read transfer. 
*2. Assume that SOE is "L" level. 

*3. CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start 
address. 

• Read Transfer Cycle (2)*1» *2 



■&I 



W* 



rf 



I/O 
(Output) 



:k>: 



tHA *3 i __ 

3 dk 






W/////////////////////777M7m. 



High Z 



i-. mmmmmmhmhnnwnmu 



(Input) 






SI/0 
(Output) " 



'TOMB* 






wnm 



j'^X-j r ~\ 



mm 



^^mmzzmm 1 



V/A Do not care 

ftOQ< Inhibit rising transient 



Notes: *1. In the case that the previous data transfer cycle was write transfer or pseudo transfer. 
*2. Assume that SOE is "L" level. 

*3. CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start 
address. 
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HM53461 Series 



• Pseudo Transfer Cycle 



IfAS" 



CAS 



2fl 



JP^V 



"l«c\ 



DT/OE 



tors 

2f 






/ 



aotS^zzzzzzzzzzzzzzzzzz 



wiiii/ i i i m/viiiiiiin 



^ m i/i mm //u/ m /ii /i 



x i/ iiiumm / v/mimi 



SI/O 
(Input) " 



SI/O " 
(Output) 



j ^c^mxyx^^ / 



;^Z22> 



in/ttmm 



)WZ 



VIA Do not care 

R5S8 Inhibit rising transient 



Note: *1. CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start 
address. 

• Write Transfer Cycle 



WKS 



~~\ 



*Z^2\ 



2£ 



DT/OE 



SOE 



2£ 



2s£ 



5X5 T— K- a» H/^ 

tHAH . tASC l r 3 r 

— fek>cSgzz////y/f//////// 

r\ tws twu nil 111111111111 i j j j j j i j ill 



ynninimmnmmn. 



-yimmnnimimmm 




v ^mimiimmmiui/ii, 

1 *s* fl ti>CC ^ 



i^simmsfi-'^^x 



SI/O 
(Input) 



EjczzzzzzzzzzzzzzzC^zzxi 



SI/O 
(Output) ' 



High-Z 



F77I Do not care 

EOT Inhibit rising transient 



Note: *1. CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start 
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HM53461 Series 



1 Serial Read Cycle 



RAS 



DTb \ m 



"" innnnifimmnn — kzzzzzz 



r 



SOE 



SC 



/ 



sro 

(Output) 




xzzx 



\ 



KJ 



Valid 
Sout 



> 



\ 






< 



\ 



Valid 
Sout 



V/A Do not care 



> Serial Write Cycle 



RAS 



™* iiiiiimiii/i7Tmm — mm 



"T^ A 



SOE 



A 



SC 



SI/O 
(Input) 



ym: 



J^IOQ3WC:>^LV 



1 



~JK 



T wimwirt . 



Valid 
Sin 



~|p£^. 



;<z^c 



K/^ Do not care 
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HM53462 Series 



65,536-Word x 4-Bit Multiport CMOS Video RAM (with Logic Operation Mode) 

■ DESCRIPTION 

The HM53462 is a 262,144-bit multiport memory equipped with a 64k-word x 
4-bit Dynamic RAM port and a 256-word x 4-bit Serial Access Memory (SAM) port. 
The SAM port is connected to an internal 1 ,024-bit data register through a 256-word 
x 4-bit serial read or write access control. In the read transfer cycle, the memory 
cell data is transferred from a selected word line of the RAM port to the data regis- 
ter. The RAM port has a write mask capability in addition to the conventional opera- 
tion mode. Write bit selection out of 4 data bit can be achieved. RAM port has an- 
other new function, logic operation capability. By this function logic operation be- 
tween memory data and input data can be done in one cycle. Utilizing the Hitachi 
2 jam CMOS process, fast serial access operation and low power dissipation are 
realized. All inputs and outputs, including clocks, are TTL compatible. 

■ FEATURES 

• Multiport Organization 

(RAM; 64k-word x 4-bit and SAM; 256-word x 4-bit) 

• Double Layer Polysilicon/Polyicide N-Well CMOS Process 

• Single 5V (±10%) 

• Low Power 

Active RAM 380 mW (max) 

SAM 220 mW (max) 

Standby 40 mW (max) 

• Access Time 

RAM 100 ns/120 ns/150 ns 

SAM 40 ns/40 ns/60 ns 

• Cycle Time 

Random Read or Write Cycle Time (RAM) 1 90 ns/220 ns/260 ns 

Serial Read or Write Cycle Time (SAM) 40 ns/40 ns/60 ns 

• TTL Compatible 

• 256 Refresh Cycles 4 ms 

• Refr esh F unction 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• Bidirectional Data Transfer Operation (RAM < — > SAM) 

• Fast Serial Access Operation Asynchronized 
with RAM Port except Data Transfer Cycle 

• Real Time Read Transfer Capability 

• Write Mask Mode Capability 

• Logic Operation Capability between Dj n and D ou t 

• SAM Organization Can Be Changed to 1024 x 1 

■ ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HM53462P-10 
HM53462P-12 
HM53462P-15 


100 ns 
120 ns 
150 ns 


400 mil 24-pin 
Plastic DIP 
(DP-24A) 


HM53462ZP-10 
HM53462ZP-12 
HM53462ZP-15 


100 ns 
120 ns 
150 ns 


24-pin 
Plastic DIP 
(ZP-24) 



HM53462P Series 




(DP-24A) 



HM53462ZP Series 




(ZP-24) 
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HM53462 Series 



PIN OUT 



PIN DESCRIPTION 



HM53462P Series 


sc[7 




2i\Vss 


si/o,[T 




23) SI/O, 


si/o,[T 




22) SI/O, 


DT/OE [T 




21] Me 


] /o>[I 




io)i/o« 


i/o,[T 




19)1/0, 


WE [7 




li]CAS 


ra5[T 




TT) Ao 


AeQT 




16) Ai 


AsQo 




15) A2 


A4Q1 




14] A3 


V'(c[T2 




13) A? 






0109-1 


(Top View) 



BLOCK DIAGRAM 



HM53462ZP Series 



I j/03_ 
3 SOE 
5 SI/04 
7 SC 
9 SI/02 

II 1/01 
13 WE 
15 A6 
17 A4 
19 A7 
21 A2 
23 AO 



(Bottom View) 



1/04 2 




^= 


SI/03 4 






Vs.s 6 
SI/01 8 
DT/OE 10 




= 


1/02 12 






RA114 
A516 


= 


= 


Vcd8 
A3 20 
A122 




= 


CAS 24 







Pin Name 


Function 


A0-A7 


Address Input 


I/O1-I/O4 


RAM Port Data Input/Output 


SI/O1-SI/O4 


SAM Port Data Input/Output 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


SC 


Serial Clock 


WE 


Write Enable 


DT/OE 


Data Transfer/Output Enable 


SOE 


SAM Port Enable 


v C c 


Power Supply 


v S s 


Ground 




Dout 



[we]/^". 



Qt 




Jffiffl 



SI/Ol 



BY 1 Mode 
(1024X1) 
Other SI/O (2-4) 
Are in High 2 State. 



SI/Ol 



BY 4 Mode 256x4 
(Normal Mode) 
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HM53462 Series 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


V T 


-1.0 to +7.0 


V 


Power Supply Voltage Relative to V§s 


v C c 


- 0.5 to + 7.0 


V 


Operating Temperature 


Topr 


to + 70 


°c 


Storage Temperature 


T stg 


- 55 to + 125 


°c 


Short Circuit Output Current 


lout 


50 


mA 


Power Dissipation 


P T 


1.0 


W 



■ INPUT/OUTPUT CAPACITANCE 










Parameter 


Symbol 


Typ 


Max 


Unit 


Note 


Address 


Cn 


— 


5 


pF 




Clocks 


Co 


— 


5 


pF 




I/O, SI/O 


Ci/O 


— 


7 


pF 





■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 




Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 




Input Low Voltage 


VlL 


-0.5 


— 


0.8 


V 


2 



Notes: 



1. All voltages referenced to Vgg- 

2. - 3.0V for pulse width < 10 ns. 



• DC Electrical Characteristics (T A 


= Oto +70°C, V C c = 


5V ±10%, V S s = 


OV 


) 








RAM Port 


Symbol 


SAM Port 


HM53462 
-10 


HM53462 
-12 


HM53462 
-15 


Unit 


Note 


Standby 


Active 


Operating Current RAS, CAS Cycling 


!CC1 


— 


X 


70 


60 


50 


mA 




tRC = mm 


!CC7 


X 


— 


110 


100 


80 


mA 




Standby Current RAS, CAS = V IH 


!CC2 


— 


X 


7 


7 


7 


mA 




!CC8 


X 


— 


40 


40 


30 


mA 




RAS Only Refresh Current 


!CC3 


— 


X 


60 


50 


40 


mA 




CAS = V IH , RAS Cycling t RC = min 


!CC9 


X 


— 


100 


90 


70 


mA 




Page Mode Current RAS = V IL , 


!CC4 


— 


X 


50 


40 


35 


mA 




CAS Cycling tpc = min 


!CC10 


X 


— 


90 


80 


65 


mA 




CBR Refresh Current RAS Cycling 


!CC5 


— 


X 


60 


50 


40 


mA 




t RC = min 


^Cll 


X 


— 


100 


90 


70 


mA 




Data Transfer Current 


!CC6 


— 


X 


75 


65 


55 


mA 




RAS, CAS Cycling t RC = min 


ICC12 


X 


— 


115 


105 


85 


mA 






Parameter 


Symbol 


Min 


Max 


Unit 


Note 


Input Leakage 


Ili 


-10 


10 


juA 




Output Leakage 


Ilo 


-10 


10 


juA 




Output High Voltage Ioh = "~ 2 mA 


VOH 


2.4 


— 


V 




Output Low Voltage Iql = 4.2 mA 


Vol 


— 


0.4 


V 
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• Electrical Characteristics and Recommended AC Operating Conditions 

(T A = to +70°C, V C c = 5V ± 10%, V S s = 0V)L 1 °. 11 



HM53462 Series 



Parameter 


Symbol 


HM53462-10 


HM53462-12 


HM53462-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


190 


— 


220 


— 


260 


— 


ns 




Read-Modify- Write Cycle Time 


tRWC 


260 


— 


300 


— 


355 


— 


ns 




Page Mode Cycle Time 


tpc 


70 


— 


85 


— 


105 


— 


ns 




Access Time from RAS 


tRAC 


— 


100 


— 


120 


— 


150 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


50 


— 


60 


— 


75 


ns 


3,4 


Outout Buffer Turn-off Delay 
Referenced to CAS 


tOFFl 





25 





30 





40 


ns 


5 


Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


6 


RAS Precharge Time 


tRP 


80 


— 


90 


— 


100 


— 


ns 




RAS Pulse Width 


tRAS 


100 


10000 


120 


10000 


150 


10000 


ns 




CAS Pulse Width 


*CAS 


50 


10000 


60 


10000 


75 


10000 


ns 




RAS to CAS Delay Time 


*RCD 


25 


50 


25 


60 


30 


75 


ns 


7 


RAS Hold Time 


tRSH 


50 


— 


60 


— 


75 


— 


ns 




CAS Hold Time 


*CSH 


100 


— 


120 


— 


150 


— 


ns 




CAS to RAS Precharge Time 


*CRP 


10 


— 


10 


— 


10 


— 


ns 




Row Address Setup Time 


tASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


15 


— 


15 


— 


20 


— 


ns 




Column Address Setup Time 


Use 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


20 


— 


20 


— 


25 


— 


ns 




Write Command Setup Time 


twes 





— 





— 





— 


ns 


8 


Write Command Hold Time 


*WCH 


25 


— 


25 


— 


30 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


20 


— 


25 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


35 


— 


40 


— 


45 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


35 


— 


40 


— 


45 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 


ns 


9 


Data-in Hold Time 


tDH 


25 


— 


25 


— 


30 


— 


ns 


8,9 


Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time 


tRCH 





— 





— 





— 


ns 




Read Command Hold Time 
Referenced to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Refresh Period 


tREF 


— 


4 


— 


4 


— 


4 


ms 




RAS Pulse Width 
(Read-Modify- Write Cycle 


tRWS 


170 


10000 


200 


10000 


245 


10000 


ns 




CAS to WE Delay 


tcWD 


85 


— 


100 


— 


125 


— 


ns 


8 


CAS Setup Time 

(CAS Before RAS Refresh) 


tCSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh) 


*CHR 


20 


- 


25 


- 


30 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 




CAS Precharge Time 


*CP 


10 


— 


15 


— 


20 


— 


ns 




Access Time from OE 


tOAC 


— 


30 


— 


35 


— 


40 


ns 




Output Buffer Turn-off Delay 
Referenced to OE 


tOFF2 





25 





30 





40 


ns 




OE to Data-in Delay Time 


*ODD 


25 


— 


30 


— 


40 


— 


ns 




OE Hold Time Referenced to WE 


tQEH 


10 


— 


15 


— 


20 


— 


ns 
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HM53462 Series 



• Electrical Characteristics and 

(T A = Oto + 70°C, V C c = 5V + 10' 



Recommended AC Operating Conditions (continued) 
%,V S s = 0V)1.10, 11 



Parameter 


Symbol 


HM53462-10 


HM53462-12 


HM53462-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Data-in to CAS Delay Time 


tDZC 





— 





— 





— 


ns 




Data-in to OE Delay Time 


*DZO 





— 





— 





— 


ns 




OE to RAS Delay Time 


tORD 


35 


— 


40 


— 


45 


— 


ns 




Serial Clock Cycle Time 


tscc 


40 


— 


40 


— 


60 


— 


ns 




Access Time from SC 


tSCA 


— 


40 


— 


40 


— 


60 


ns 


10 


Access Time from SOE 


tSEA 


— 


25 


— 


30 


— 


40 


ns 


10 


SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-out Hold Time 
after SC High 


tsOH 


10 


- 


10 


- 


10 


- 


ns 




Serial Output Buffer Turn-off Delay 
from SOE 


tSEZ 





25 





25 





30 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 





— 


ns 




Serial Data-in Hold Time 


tsIH 


15 


— 


20 


— 


25 


— 


ns 




DT to RAS Setup Time 


tDTS 





— 





— 





— 


ns 




DT to RAS Hold Time 
(Read Transfer Cycle) 


tRDH 


80 


- 


90 


- 


110 


- 


ns 




DT to RAS Hold Time 


*DTH 


15 


— 


15 


— 


20 


— 


ns 




DT to CAS Hold Time 


*CDH 


20 


— 


30 


— 


45 


— 


ns 




Last SC to DT Delay Time 


tSDD 


5 


— 


5 


— 


10 


— 


ns 




First SC to DT Hold Time 


tSDH 


25 


— 


25 


— 


30 


— 


ns 




DT to RAS Delay Time 


*DTR 


10 


— 


10 


— 


10 


— 


ns 




WE to RAS Setup Time 


tws 





— 





— 





— 


ns 




WE to RAS Hold Time 


*WH 


15 


— 


15 


— 


20 


— 


ns 




I/O to RAS Setup Time 


tMS 





— 





— 





— 


ns 




I/O to RAS Hold Time 


*MH 


15 


— 


15 


— 


20 


— 


ns 




Serial Output Buffer Turn-off Delay 
from RAS 


tSRZ 


10 


50 


10 


60 


10 


75 


ns 




SC to RAS Setup Time 


tSRS 


30 


— 


40 


— 


45 


— 


ns 




RAS to SC Delay Time 


tSRD 


25 


— 


30 


— 


35 


— 


ns 




Serial Data Input Delay Time 
from RAS 


tsID 


50 


- 


60 


- 


75 


- 


ns 




Serial Data Input to DT Delay Time 


tSZD 





— 





— 





— 


ns 




SOE to RAS Setup Time 


*ES 





— 





— 





— 


ns 




SOE to RAS Hold Time 


*EH 


15 


— 


15 


— 


20 


— 


ns 




Serial Write Enable Setup Time 


tsws 





— 





— 





— 


ns 




Serial Write Enable Hold Time 


tSWH 


35 


— 


35 


— 


55 


— 


ns 




Serial Write Disable Setup Time 


tswis 





— 





— 





— 


ns 




Serial Write Disable Hold Time 


tSWIH 


35 


— 


35 


— 


55 


— 


ns 




DT to Sout in Low-Z Delay Time 


tDLZ 


5 


— 


10 


- 


10 


- 


ns 
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HM53462 Series 



Notes: 1. AC measurements assume tx = 5 ns. 

2. Assumes that tRC£> < tRCD (max). If tRCD is greater than the maximum recommended value shown in this table, tRAC 
exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Assumes that tRCD ^ *rcd (max). 

5. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

6. Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vjh and Vil. 

7. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tR£D (max) limit, then access time is controlled exclusively by tc^O 

8. t\yo anc * tcwD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only: if t\ycs - t\VCS (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcwD ^ tcWD (min), the cycle is a read-write and the data output will contain data read 
from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

9. These parameters are referenced to CAS leading edge in early write cycle and to WE leading edge in delayed write or read- 
modify-write cycles. 

10. Measured with a load circuit equivalent to 2 TTL and 100 pF. 

11. After power-up, pause for more than 100 juts and exec ute at l east 8 initialization cycles. Then execute at least one logic reset 
cycle including write mask reset (on the falling edge of RAS, WE = "Low" and I/Oi-I/O — "High"), and execute one or 
more transport cycle for initiation of SAM port. 

■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS • 



Address 



M 



K 



\ 



:>m 



* w////////// 



I'O 
(Output) 



z* y////////> . 



DT OE 



W 



x 



-/ 



wzszzszm 



<: 



yzzz2±> / 



W/////A 



tuhh2 



VTA Do not care 
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HM53462 Series 



• Early Write Cycle 



RAS- 



CAS- 



Address 



&: 



x 



WE' 



:>©>< 



-yz^~:\ 



Y 



2xCS^; 



I 
(Output} 



DT OE 



■wzzszsm. 



• ///////////, 



«U 7^f\7>^w\< //////////////. 



High Z 



ZP ^/////////M////77777? 

VTA Do not care 



Notes: *1. When WE is "H" level, then all data on the I/O can be written into the cell. When WE is "L" level, the data on the I/O 
are not written except for when I/O is "H" level at the falling edge of RAS. 

• Delayed Write Cycle 



SaS- 



Ca5- 



In 

2i 



% 



X 



DT/OE 



tf 



I/O 
(Input) 



K 



V 



mmmmnm 



M 



wn*-*—y/w//////// 



H/iminmiiiin 



VALID 
Din 



^minium 



I/O 
(Output)" 



High-Z 



VfA Do not care 



Note: *1. When WE is "H" level, all the data on I/O1-I/O4 can be written into the memory cell. When WE is "L" level, the data on 
I/Os are not written except for when I/O = "H" at the falling edge of RAS. 
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HM53462 Series 



• Read-Modify-Write Cycle 



RA5« 



\; 



CA5 




*■ tm /*— 



Address 



1^: 

2C 



\ 



:<x: 



/ 



/WW ' . /»( < 



HIS «WM t Wl S_ 



Z^UTXr 1 } 



i 

(Input) 



tNH Ut/x 



10 
(Output) " 



m torn »{ 

- //mv — * 



>SV 



7ZZZZ5 



UlH » 



VALID 
Din 



7 l VALID \ 

\ pom a r 

: |""7oT?2 






UI/III///, 



I// /I Do not care 



Note: *1. When WE is "H" level, all the data on I/O1-I/O4 can be written into the memory cell. When WE is "L" level, the data on 
I/Os are not written except for when I/O = "H" at the falling edge of RAS. 

• Page Mode Read Cycle 



RX5- 



1 .cnczoo' 



I/O 
(Output)" 



1/0 
(Input) 



ZZZZZb 



{VALID \ 
Pout J 



DT/OE i 



IK LX -~-h t«cs — -- f«cs 

m w — ;w : 



«z> 



J l VALID \ 
\ Pout J f 



tins una ~ m ~~ p~ ^fc'j P * 



„ tcsw H tpc 1 *• — tRSW H "• • 

ihah 1 ^ tcp e t\ tASC r ^ 

MSK ""* M<>< t(MW "" ^*SC* f C<4H "^1 , *"ICi»« 

»...Z)Bebzz2Szzzzz2aGZzzfezzz 

H| '"pTP '" C -i-|- I Jr "OPTICS MLUMN „TH "'" 

-2zMn — w : — ;w : ; — =z %zz 

f f f . f . i / li^t #,....1.1 ^" A * r #,.,./• #„v*1 ltA< 



/TV 



fr»/-2 



<h 



1 l VALID ' t 

V Pom , r 




U»F\ 



to A i tnht2 



fTTTTT. 



VTh Do not care 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 991 



HM53462 Series 



• Page Mode Write Cycle (Early Write) 



RAS 



CAS- 



5G 



Adress/M ROW 



^ s r \>-^\zijp~zbzzy 



— ipz 




JTTTTX 



I/O 
(Output) 



"7^77 



DT<OE' 



szzzzx: 



COLUMNv - - 



— —* „. _LL1" »i COLUMN^ ■ * -^ji- 

OgZZZZ^3<ZZEX3€ZZZ2Z2ZZ 

hmm 



JZZQ 



VALID 
Din 



twv — *\ h— 



./,„ — 



VALID 
Din 



ymmm 



High Z 



w Hiiiiimm/mimmmmiTTTTTTTT, 



\///\ Do not care 



Note: *1. When WE is "H" level, all the data on I/O1-I/O4 can be written into the memory cell. When WE is "L" level, the data on 
I/Os are not written except for when I/O = "H" at the falling edge of RAS. 

• Page Mode Write Cycle (Delayed Write) 



Has- 



CAS- 



/ 



/«( It 



I hah 




Address /X! R° w 



WE 



\ /nz\ 



]<mz 



. ft < > . 1 l 



(Input) ..//% 




(Output) 



DT OE 



Z7 



©BszzatD^zzzzzzzzz 



T^T 1 " "" COLUMN 



ttttk mnm . jrnmr wimiih 



irniwipTTTi munimi). 



High Z 



s un/mm/ 



VIA Do not care 



Note: *1. When WE is "H" level, all the data on I/O1-I/O4 can be written into t he m emory cell. When WE is "L" level, the data on 
I/Os are not written except for when I/O = "H" at the falling edge of RAS. 



992 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM53462 Series 



• RAS Only Refresh Cycle 



\ 



*crp 



CAS 



w 



ZCE 



*RAS 



<RC 



/ 



■ *RP 



*RPC 



Address / M Row 



*OFFl' 



(o-$ W$ 



I/O 
(Input) 



*DTS 



V////////M, 



<///////////////////////////////. 



*DTH 



•*m V//////////////////77777777T, 



TT7\ : Don't < 



• CAS Before RAS Refresh Cycle 



RAS 



■ *RP- 



J — \ 



*RPC 



*CSR 



\ 



■ *RAS 



■*RP- 



/ — 5 u 



■ *CHR ■ 



f 



*CRP 



'//////////////////////////////////////. 



,*WS *WH 



WE 



^ 



P=^ 



TZMMMMZZm 



i/o 7 



(Input) 



I/O 
(Output) 



'////////////////////////////////////// 



High-Z 



^ V///////////////////////////////////77. 



F771 : Don't < 
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HM53462 Series 



• Hidden Refresh Cycle 



RAS 

. *CRP 

CAS T 



X 



aO 



■ *RAS 



<RC 



-*— *RSH — *■ 



*RAH *ASC 



\ 



^AH 



ROW W COLUMN 



» W////L - 



I/O 
(Output) 



DT/OE 







*RAS 



*RC- 



■ ^HR 



JL-tRp.^ 



'/////////////////77777, 

tws, 



*RCS *RRH- 
*ORD 



Vrsh — H hH^TH 



oJS 2Z£ 



-*DZC 



J 



4*HyT 



M////////////h 



■ *CAC 



-*RAC- 



U 



VALID D m 



3^ 



*off2 



*777777 



High-Z 



Exjj Do not care 



• Read Transfer Cycle (1)*1, *2 



\ 



-*RC- 



*RCD 



*3 
*RAH . .VSC 



\ 



- *RAS 



af \ 



- *CAS ■ 



*CAH 



WE 

I/O 
(Output) 

I/O 
(Input) 



DT/OE 



(Output) 



7^ 



- to— » 

j'^JcRP^ 



SAM START 
ADD 



^SH 






M////M/M////////////////// 



High-Z 



" 



^DH 



////////////////////////////////////// 







SI/0 T\J Valid 



Sl/O 
(Input) 



High-Z 



F71 Do not < 



Notes: *1. In the case that the previous data transfer cycle was read transfer. 
*2. Assu me that SOE is "Low". 

*3. CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM start 
Address. 
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HM53462 Series 



• Read Transfer Cycle (2)* 1 > * 2 



RAS 



t 



CAS 



k 



-w- 



- — *RCD- 



-*RAS- 



*rah *i 



I/O 
(Output) 

I/O 
(Input) 



m 



m 



3^; 



-^RSH— 
-^AS- 



-fifc *teP- 



^" t CRF > * 



mMZMMMZZ 



J y//)/////////////)//////////// t 



High-Z 



-Z h-W*! 



-tcDH- 



MWtWHMMWHM/MM/M/ 



DT/OE ~\j 



i*SRS 



JT 



SI/0 
(Output) 



^H -J -~-\^^J y //f/// 



pmmmk 



-tsc-l 



^CP 




*&tEXZZZZZZMZfr 






1///A Do not care 

BMfll Inhibit rising transient 



Notes: *1. In the case that the previous data transfer cycle was read transfer. 
*2. Assume that SOE is "Low". 

*3. CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM start 
Address. 

• Pseudo Transfer Cycle 



\ 



-*RC- 



■*— *RCD -*■ 



Address 



WE 



DT/OE 



SOE 



SC 



-*RAS ■ 



*1 

Wh t ASC 



\ 



2£ 



m 



lPJS 



m 



ks 



Sl/O 



('"Put) ^_ tsCA . 

J§2H H 

i/o — - — ic 



SI/0 
(Outpi 



3o£ 



-*RSH- 



2^w-^ 



■ *CAS ■ 



*CAH 



SAM START 
ADD 



f 



*CRP 



mZMMM. 



^////7///////////////////////. 



.*DTH, 



***/////////////////////////// 



K^H h-^H-H ^RDr^-H-* l SCC H 



-^ID- 



-^SRZ- 



3?77777777^ g 




> 



\///\ Do not care 

| Inhibit rising transient 



Note: *1. CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start 
address. 
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HM53462 Series 



• Write Transfer Cycle 



~^ 



CAS 



*RC- 



*RAS 



►5-* W — ^ 

J t/snn V 



-^CD- 



*RAH| |*ASC *CAH 



■ *RSH ■ 



*CAS 



*CRP 



i 



4 I *RAH| pASC *CAH 

ASR I ^ i» ^ > I I ^ pr < » I 

•*•: ^SH A 



TV Vs 



DT/OE 



2£ 



SOE 



*ES 



*\ *ES 



^RS 



*vt////WM/W/////////W////. 



^TH 



^///////////////////////////7T/ 
^J/////////////////////////////, 

^rdU-H 



j- 



*sc- 



*si s | K- ^ih -H w 



(Input) 

SI/0 
(Output) 




High-Z 



V///1 Do not care 

| Inhibit rising transient 



Note: *1. CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start 
address. 

• Serial Read Cycle 



tos- 



* 



DT/OE 



*i)TH 



_t RAS~ 



f 



mzz 



SOE 



J 



\ 



_t scc~ 



„ ^c _ I ^ ^c _ „ *sc „ r . i 

""* *1 r*"*scp"p r* n r* _t scp"*1 "*j n r*" t scp"*1 

I r*-*sEA-H "H K-^oh 

SI/0 ^"V7T>^- Valid - i 

(output) y v//A- s out ./ 

r*~' t scA H "H *sez r*~ 



-t scc" 



h-^EA-H -*■ h-^oH 

/• Valid J // / \j 

1 S out „V/// 




[223 ^° n °* care 
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HM53462 Series 



• Serial Write Cycle 



RAS 



-'-ZZZZZZZZZZZZZZZZZZZZZ* — wzz 



^a f 



SOE 



if 



sc 



SI/O 
(Input) 



xzx 



Jl itscp .J \ |i <SCP i 2* Jl U * SCP * *l / 

^lJ \ 7 -^m> /L-M> />-g£-A / 



\ 



Valid 
Sin 



Ijf^- 



V////////M 



Valid 
Sin 



If]S 



;<zz>c 



K/^ Do not care 



• Electrical AC Characteristics (Logic Operation Mode) 



Parameter 


Symbol 


HM53462-10 


HM53462-12 


HM53462-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Cycle Time 


tFRC 


230 


— 


265 


— 


310 


— 


ns 




RAS Pulse Width in Write Cycle 


tRFS 


140 


10000 


165 


10000 


200 


10000 


ns 




CAS Pulse Width in Write Cycle 


*CFS 


80 


10000 


95 


10000 


105 


10000 


ns 




CAS Hold Time in Write Cycle 


tFCSH 


140 


— 


165 


— 


200 


— 


ns 




RAS Hold Time in Write Cycle 


tFRSH 


80 


— 


95 


— 


105 


— 


ns 




Page Mode Cycle Time (Write Cycle) 


tFPC 


100 


— 


120 


— 


135 


— 


ns 




CAS Hold Time 

(Logic Operation Set/Reset Cycle) 


tFCHR 


90 


- 


100 


- 


120 


- 


ns 




CAS Hold Time from RAS Precharge 
(x4 — ► xl Set Cycle) 


tpSCH 


10 


- 


10 


- 


10 


- 


ns 
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HM53462 Series - 
• Logic Code (FCO- 



■3 are AX0-AX3 In Logic Operation Set Cycle) 



FC3 


FC2 


FCl 


FCO 


LOGIC 


Symbol 


Write Data 

















Zero 











1 


AND1 


Di«Mi 








1 





AND2 


Di»Mi 








1 


1 


X4-»X1 


— 





1 








AND3 


Di«Mi 





1 





1 


THROUGH 


Di 





1 


1 





EOR 


Di»Mi + Di«Mi 





1 


1 


1 


OR1 


Di + Mi 













NOR 


Di«Mi 










1 


ENOR 


Di«Mi + Di«Mi 







1 





INV1 


Di 







1 


1 


OR2 


Di + Mi 












INV2 


Mi 









1 


OR3 


Di + Mi 






1 





NAND 


Di + Mi 






1 


1 


1 


ONE 


• Logic 


peration 


Set Reset 


Cycle (W 


th CAS Before RA 


^S Refresh) 



► SAM Organization Changes to 1024 x 1 
- Logic Operation Mode Reset 



Di :External Data-in 

Mi :The Data of the Memory Cell 



WZS 



J \ 



CAS 



\ 



Address 



WE 



I/O 
(Input) 



7zm 

zzzzC 






IPSCH fcHP 



*i 



urn. 



wmnmnnnni 



J//IIIIIIU////I/II/// 



*2 



:kzzzzzzzzzzzzzzzzzzz 



I/O 
(Output) 



™ iiiiiiimii/i/iiiiiitniiiiiiii 



Do not care 



Notes: *1. Logic code A0-A3 (A4-A7: don't care) 
*2. Write mask data. 
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HM53462 Series 



■ LOGIC OPERATION MODE 
• Early Write Cycle 



K 



/* l «L ^\ 



in AH . tAHL 



3^<E 



>Z=3/ 



™tyC52M: 



I/O 
(Output) " 



\ my////////w, 



• ///////////////< 



^M32^^W/// // /// /// ///// 



™**W ^//////////////777777, 

Y///A Do not ca 



Note: *1. When WE is "high", the all data on the I/O can be writte n into the cell. When WE is "low", the data on the I/O are not 
written except for when I/O is "high" at the falling edge of RAS. 

• Delayed Write Cycle 



RAS 



H 



y. 



tASL \ 



p 



M 



T/0E w 



*!>! \ tM 



Y 



\mimimimn 



(hpot) ij/i ^ »* , KXX 



'Mll k-^— ///////////// 



s ai////i/////n/n 



VALID DATA IN 



^11111111111/ 



I/O 

(Output) 



Y///A Do not care 



Note: *1. When WE is "H" level, all the data on I/Oi_4 can De written into th e mem ory cell. When WE is "L" level, the data on 
I/Os are not written except for when I/O = "H" at the falling edge of RAS. 
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HM53462 Series 



• Page Mode Write Cycle (Delayed Write) 



RAS 



CAS 



Address 



7 






2G)S<ZZZZZZ©ZZZS022ZZZZZZZZZ 



«20GE 



io 77y 

(Input) / y i t 



I o 

(Output) 




Mnmummzmmnm 



ym^rmm^pTTmr tiiiuiiin. 



VALID 
Din 



VALID 
Din 



DT OE It 



wttttttttt 



\//A Do not care 



Note: *1. When WE is "high", the all data on the I/O can be written into the cell. When WE is "low", the data on the I/O are not 
written except for when I/O is "high" at the falling edge of RAS. 

• Page Mode Write Cycle (Early Write) 



RAS 



CAS 



2C 



It'. 



Address / X ROW 



N^/i^t^r-nc^K 



L^-Hf— p. Uif" COLUMN] 

JazzzzzSzzzzzic 



i2» *»CS 




I/O 

(Output) /OTS 






KZZZZ$ 



VALID 
Din 






Wttt/ttttt. 






fTTTTTTT, 



VALID 
Din 



IXZZZZZZZ 



DT/OE ' 



-H— ••jtoTir 



\m\ Do not care 



Note: *1. When WE is "high", the all data on the I/O can be written into the cell. When WE is "low", the data on the I/O are not 
written except for when I/O is "high" at the falling edge of RAS. 
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HM53462 Series 



■ DESCRIPTION 

1. LOGIC OPERATION MODE 

HM53462 has an internal logic operation unit which 
makes a process of graphics simple. The logic is determined 
in "Logic operation set/reset cycle", and the operation is 
executed in every write cycle succeeding to the logic opera- 
tion set/ reset cycle. In this mode the internal read-modify- 
write operation is executed and the cell data is converted 
into the new data given by the logic operation between Dj n 
and the old cell data. 

2. LOGIC OPERATION SET/RESET CYCLE 

A logic operation set/ reset cycle is performed by bringing 

CAS and WE low when RAS falls (Fig. 1). The logic code 
and the bits to be masked are determined respectiv ely by 
AXO-3 state and l/Oi_ 4 state at th e falli ng edge of RAS. 
Furthermore, in this cycle CAS before RAS refresh operation 
is ex ecuted, too. In this case of executing the conventional 
CAS before RAS refresh operation, WE must be high when 
RAS falls. 



2.1 Logic Code 

The logic code is shown in Table 1. When power is 
turned on, at least one logic reset cycle including write mask 
reset is required to initialize logic code. If the logic code is 
(AX3, AX2, AX1, AXO) = (0, 0, 1, 1), the SAM organization 
is changed converter (Fig. 2). In the case that the SAM or- 
ganization is changed to 1 024 x 1 , one data transfer cycle is 
needed to initialize the SAM selector. 

One the SAM organization is changed to 1024 x 1, this 
code is maintained unless power is turned off. 

2.2 Write Mask 

HM53462 has two kinds of mask registers (register 1, 2). 
Th e reg ister 1 is set by bringing WE low at the falling edge 
of RAS during the write cycle, and the mask data is avail- 
able only in this cycle. The register 2 is set by level of I/O in 
the logic operation set/reset cycle, and the mask data is 
available until the next logic operation set/reset cycle. If the 
register 1 is set during the current logic operation mode, the 
mask data of the register 1 is preferred (that of the register 
2 is ignored) and the logic becomes "THROUGH" only in 
this cycle (Fig. 3). 



RAS 



\ 



CAS 



\ 



Addres 



X 



/ 



W L" 



/ 



FC0-FC3 



WE 



\ 



tt L" 



X 
f 



™ /////////////////////////////A 



y 



I/O 



XHEZX 



C771dq. 



Figure 1. Logic Operation Set/Reset Cycle 
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HM53462 Series 

• Table 1. Logic Code (FC0-FC3 are AX0-AX3 in Logic Operation Set Cycle) 



FC3 


FC2 


FC1 


FCO 


LOGIC 


Symbol 


Write Data 

















Zero 











1 


AND1 


Di«Mi 








1 





AND2 


Dl«Mi 








1 


1 


X4— >X1 


— 





1 








AND3 


Di«Ml 





1 





1 


THROUGH 


Di 





1 


1 





EOR 


Dl«Mi + Di«Mi 





1 


1 


1 


OR1 


Di + Mi 













NOR 


Dl«Mi 










1 


ENOR 


Di«Mi + Di»Mi 







1 





INV1 


Di 







1 


1 


OR2 


Di + Mi 




1 








INV2 


Ml 




1 





1 


OR3 


Di + Mi 




1 


1 





NAND 


Di + Mi 




1 


1 


1 


1 


ONE 



- SAM Organization Changes to 1024 x 1 
► Logic Operation Mode Reset 



Di :External Data-in 

Mi :The Data of the Memory Cell 





SAM Data Register 


i+1 




Serial I/O 


0109-26 






e • 


a 




Sl/Ol 
























f | 


b 




SI/02 






















J 


g ; 


c 




SI/ 03 
























h ; 


d 




SI/04 





















Figure 2. The Shift Way of SAM Data 



1) By 4 Mode (SAM Organization 


256 x 4) 






















tH(C 












0109-27 


SC ) 








} 


■\ 


\ 


\ 


\ 


/ 






\ 








si oi x 




a 




\ 




e 




x 




















SI 02 )( 




b 




X 




f 




x 




















SI 03 X 




c 




X 




g 




x 




















SI 04 X 




d 




X 




h 




"K 
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HM53462 Series 



2) By 1 Mode (SAM Organization: 1024 x 1) 



sc 

SI/01 
SI/02 - 
SI/03 - 
SI/04 - 


I tsL< 1 










0109-28 


Jta_Jt- 


\ . k 


b 


X c i 


( <* ) 


[ e 






High Z 










High Z 










High Z 

















RAS 
CAS 
WE 
1/01 

1/02 

1/03 
1/04 




Logic 



Logic operation 
set/reset cycle 



Mask reg.2 is set 
I 02,3 :M asked 
Assume that the 

logic is set to 

*AND1\ 



Write cycle 



"0" Write 



Masked 
Masked 



VWrite 



AND1 



Write cycle 



Masked r 



TWrite 
*0"Write 



Masked 



THROUGH 



Mask reg.l is set, 
and valid only in 
this cycle. 
I 01 ,4:M asked 



Write cycle 



TWrite 



Masked 
Masked 



'0* Write 



AND1 



Write cycle 



"\ "0" Write 



Masked 



J Masked 

r 



TWrite 



AND1 



Figure 3. Example of Logic Operation Mode 
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HM534251 Series 

262,144 x 4-Bit Multiport CMOS Video Random Access Memory 

■ DESCRIPTION 

The HM534251 is a 1-Mbit multiport video RAM equipped with a 256k-word x 
4-bit dynamic RAM and a 512-word x 4-bit SAM (serial access memory). Its RAM 
and SAM operate independently and asynchronously. It can transfer data between 
RAM and SAM and has a write mask function. It is suitable for a graphic processing 
buffer memory. 

■ FEATURES 

• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM and SAM Capability 
RAM: 256k-word x 4-bit and SAM: 512-word x 4-bit 

• Access Time RAM 100 ns/100 ns/120 ns/150 ns (max) 

SAM 30 ns/35 ns/40 ns/50 ns (max) 

• Cycle Time RAM 190 ns/190 ns/220 ns/260 ns (min) 

SAM 30 ns/40 ns/40 ns/60 ns (min) 

• Low Power 

Active RAM 385 mW (max) 

SAM 358 mW (max) 

Standby 40 mW (max) 

• High-Speed Page Mode Capability 

• Mask Write Mode Capability 

• Bidirectional Data Transfer Cycle between RAM and SAM Capability 

• Real Time Read Transfer Capability 

• 3 V ariatio ns of Refresh (8 ms/512 Cycles) 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• TTL Compatible 



HM534251JP Series 




(CP-28D) 



HM534251ZP Series 




(ZP-28) 



ORDERING INFORMATION 



PIN OUT 



Part No. 


Access Time 


Package 


HM534251JP-10 


100 ns 


400 mil 


HM534251JP-11 


100 ns 


28-pin 


HM534251JP-12 


120 ns 


Plastic SOJ 


HM534251JP-15 


150 ns 


(CP-28D) 


HM534251ZP-10 


100 ns 


400 mil 


HM534251ZP-11 


100 ns 


28-pin 


HM534251ZP-12 


120 ns 


Plastic ZIP 


HM534251ZP-15 


150 ns 


(ZP-28) 



PIN DESCRIPTION 



Pin Name 


Function 


A -A 8 


Address Inputs 


I/O0-I/O3 


RAM Port Data Inputs/Outputs 


SI/O0-SI/O3 


SAM Port Data Inputs/Outputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Write Enable 


DT/OE 


Data Transfer/Output Enable 


SC 


Serial Clock 


SE 


SAM Port Enable 


v C c 


Power Supply 


v S s 


Ground 


NC 


Non Connection 



HM534251JP Series 




(Top View) 



HM 

1/02 2 

SE 4 

SI/03 6 

SC 8 

SI/01 10 

l/OO 12 

WE 14 

RAS 16 

A6 18 

A4 20 

A7 22 

A2 24 

A0 26 

CAS 28 

(I 


534251 


ZPS( 


jries 

I NC 

3 I/03 
5 SI/02 
7 V SS 
9 SI/00 

II DT/OE 
13 1/01 
15 NC 

17 A8 
19 A5 
21 V CC 
23 A3 
25 A1 
27 NC 

0084-2 

') 



























































3otton 


1 Vie\* 
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HM534251 Series 



■ BLOCK DIAGRAM 



nF& 



Din M««onr 
Array 



l-Nj KJLSX 
iUcittar 



Igr/QEJ 



°7T 



a, 



Fro* 
CoIumi 

SAM «t»tt 



- rsn 



■ PIN FUNCTION 

RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and si gnals 
as shown in Table 1 are input at the falling edge of RAS. 
The input level of those signals determine the operation cy- 
cle of the HM534251 . 



• Table 1. Operation Cycles of the HM534251 


Input Level at the 
Falling Edge of RAS 


Operation Cycle 


CAS 


DT/OE 


WE 


SE 




H 


H 


H 


X 


RAM Read/Write 


H 


H 


L 


X 


Mask Write 


H 


L 


H 


X 


Read Transfer 


H 


L 


L 


H 


Pseudo Transfer 


H 


L 


L 


L 


Write Transfer 


L 


X 


X 


X 


CBR Refresh 



Note: X: Don't care. 

CAS (input pin): Colum n address is put into chip at the fall- 
ing edge of CAS. CAS controls output impedance of I/O in 
RAM. 

A o _A 8 (input pins): Row a ddres s is determined by Ao-As 
level at the falling edge of RAS. Column a ddre ss is deter- 
mined by A -A 8 level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 

W E (inp ut pin): WE pin has two functions at the falling edge 
of R AS and after. When WE is low at the falling edge of 
RAS, the HM534251 turns to mask write mode. According to 
the I/O level at the time, write on eac h I/O can be masked. 
(WE level at the falling edge of RAS is don't care in read 



cycle.) When WE is high at the falling e dge of RAS, a nor- 
mal write cycle is executed. After that, WE switches read/ 
write cycles as in a standard DRAM. In_a transfer cycle, the 
direction of tra nsfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred from 
SAM to RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is read 
from RAM). 

I/O0-I/O3 (input/output pi ns): I/O pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only on high I/O pins. Data on low I/O pins are 
masked and internal data are retained. After that, they func- 
tion as input/output pins as those of a standard DRAM. 

DT/OE (input pin): DT/OE pin func tions as DT (data trans- 
fer) pin at the falling edge_of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle beco mes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 

SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data is output from an Sl/O pin synchronously with the 
rising edge of SC,. In a serial write cycle, data on an Sl/O 
pin at the rising edge of SC is put into the SAM data regis- 
ter. 

SE (input pin): SE pin activates SAM. When SE is high, Sl/O 
is in the high impedance state in serial read cycle and data 
on Sl/O is not put into the SAM data register in serial write 
cycle. SE can be used as a mask for serial write because 
internal pointer is incremented at the rising edge of SC. 

SI/O0-SI/O3 (input/output pins): Sl/O's are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
Sl/O outputs data. When it was a pseudo transfer cycle of 
write transfer cycle, Sl/O inputs data. 
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HM534251 Series 



■ OPERATION OF HM534251 

• Operation of RAM Port 

RAM R ead Cycie (DT/OE high, CAS high, at the falling 
edge of RAS) 

Row address is entered at the RAS falling edge and col- 
umn address at the CAS falling^ edge to the device as in 
stand ard D RAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected addre ss da ta is output 
throu gh I/O pin. At the falling edge of RAS, DT/OE and 
CAS become high to distinguish RAM read cycle from trans- 
fer cycle and CBR refresh cycle. Address access time (tAA) 
and RAS to column address delay time (tRAD) specifications 
are added to enable high-speed page mode. 

RAM Write CycleJEarly Write, Delayed Write, Read- 
Modify-Write) (DT/OE high, CAS high at the falling edge of 
RAS) 

• Norm al Mode Write Cycle (WE high at the falling edge of 
RAS) 

When CAS and WE are set low after RAS is set low, a 
write cycle is executed and I/O data is written at the select- 
ed addresses. When all 4 l/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycl e and I/O becomes high imped- 
ance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling 
edge. I/O does not become high impedance in this cycle, so 
data should be entered with OE in high. 

tf WE is set low after tcwD (min) and tAWD ( min ) after tne 

CAS falling edge, this cycle becomes a read-modify-write cy- 
cle and enables write after read to execute in the same ad- 
dress cycle. In this cycle also, to avoid I/O contention, data 
should be input after reading data and setting OE high. 

• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode cycle which writes only to select- 
ed I/O. Whether or not an I/O is written depends on I/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high I/O pins and masked in low ones and inter- 
nal d ata is preserved. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is preserved during the page access. 

High-Speed Page Mode Cycle (DT/OE high, CAS high at 
the falling edge of RAS) 

High-speed page mode cycle reads/writes the data o f the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle and is higher than the standard page mode cycle by 
70-80%. This product is based on static column mode, 
therefore, address access time Oaa), RAS to c olumn ad- 
dress delay time (tRAD)> and a ccess time from CAS pre- 
charge (tACP) are added. In one RAS cycle, 256-word mem- 
ory cells of the same row address can be accessed. It is 
necessary to specify access frequency within tRASP m ax 
(100jixs). 



• Transfer Operation 

HM534251 provides the read transfer cycle, pseudo 
transfer cycle, and write transfer cycle as data transfer cy- 
cles. These transf er cyc les are set by driving DT/OE low at 
the falling edge of RAS. 

They have the following functions: 

(1) Transfer data between row address and SAM data regis- 
ter (except for pseudo transfer cycle) 

(2) Determine direction of data transfer 

(a) Read transfer cycle: RAM — ► SAM 

(b) Write transfer cycle: RAM <— SAM 

(3) Determine input or output of SAM I/O pin (Sl/O) 
Read transfer cycle: Sl/O output 

Pseudo transfer cycle, write transfer cycle: Sl/O input 

(4) Determine first SAM address to access (SAM start ad- 
dress) after transferring at column address. 

Read Transfer Cycle (CAS high, DT/OE low, WE high at 
the falling edge of RAS) 

This c ycle becomes read transfer cycl e by s etting DT/OE 
low and WE high at the falling edge of RAS. The row ad- 
dress data (512 x 4-bit) determined _by this cycle is trans- 
ferred synchronously at the rising of DT/OE. After the rising 
edge of DT/OE, the new address data outputs from SAM 
start address decided by column address. 

This cycle can execute SAM access serially even during 
transfer (real time read transfer). In this case, the timing 
tSDD (min) is specified between the last SAM access before 
transfer and DT/OE rising edge, and tsDH (min) between the 
first SAM access and DT/OE rising edge (see Figure 1). 

If read transfer cycle is executed, Sl/O becomes output 
state. When the previous transfer cycle is either pseudo 
transfer cycle or write transfer cycle and Sl/O is in input 
state, uncertain data is output after tRLz (min) after the RAS 
falling edge. Before that, input should be set high imped- 
ance to avoid data contention. 

Pseudo Transfer Cycle (CAS high, DT/OE low, WE low, 
and SE high at the falling edge of RAS) 

Pseudo transfer cycle is available for switching Sl/O from 
output state to input state be caus e data in RAMjsn't rewrit- 
ten. This cycle starts when CAS is high, DT/ OE low, WE 
low, and SE high, at the falling edge of RAS. The output 
buffer in Sl/O becomes high impedance within tsRz (max) 
from the RAS falling edge. Data should be input to Sl/O lat- 
er than tsio (min) to avoid data conte ntion . SAM access be- 
comes enabled after tsRD (min) after RAS becom es high. In 
this cycle, SAM access is inhibited during RAS low, there- 
fore, SC should not be raised. 
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RAS 



1 



CAS 



/ 



A f 



Address 



DT/OE 



^ 



lZXZJ. 



sc 



SI/0 



L 



tsDD — H k— 



□0003 



Yj + 1 



SAM Data Before Transfer 



SAM Data After Transfer 



Figure 1. Real Time Read Transfer 



Write Transfer Cycle (CA S high , DT/OE low, WE low, and 
SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred in to RA M is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address to serial write after terminating this cycle. Also in 
this c ycle, SAM access becomes enabled after tsRD (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC should not be raised. 

• SAM Port Operation 
Serial Read Cycle 

SAM port is in read mode when the previous data trans- 
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from SI/0. If SE is set 
high SI/0 becomes high impedance and internal pointer is 
incremented at the SC rising edge. 

Serial Write Cycle 

If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SI/0 data is programmed into data register at the SC 
rising edge like in the serial read cycle. If SE is high, SI/0 
data isn't input into data register. Internal pointer is incre- 
mented according to the SC rising edge, so SE high can 
mask data for SAM. 



• Refresh 
RAM Refresh 

RAM, which is composed of dynamic circuits, requires re- 
fresh to retain data. Refresh is performed by accessing all 
512 row addresses every 8 ms. There are three refre sh cy- 
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hi dden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses ev- 
ery 8 ms. 

RAS Only Refresh Cycle: RAS only re fresh cycle is per- 
formed by activating only RAS cycle with CAS fixed to high 
by inputting the row address ( = refresh address) from ex- 
ternal circuits. To distinguish this cycle from data tran sfer cy- 
cle, DT/OE should be high at the falling edge of RAS. 

CBR Refres h Cy cle: CBR refresh cycle is set by activating 
CAS before RAS. In this cycle, refresh address need not to 
be input through external circuits because it is input through 
an internal refresh counter. In this cycle, output is in high im- 
pedance and power dissipation is lowered because CAS cir- 
cuits don't operate. 

Hidden Refresh Cycle: Hidden refresh cycl e per forms re- 
fresh by reactivating RAS when DT/OE and CAS keep low 
in normal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift register, selector), orga- 
nized as fully static circuitry, don't require refresh. 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Note 


Terminal Voltage 


V T 


1.0 to +7.0 


V 


1 


Power Supply Voltage 


v C c 


- 0.5 to + 7.0 


V 


1 


Power Dissipation 


P T 


1.0 


W 




Operating Temperature 


Topr 


to + 70 


°C 




Storage Temperature 


T stg 


- 55 to + 125 


°C 





Note: 1. Relative to V ss 

■ ELECTRICAL CHARACTERISTICS 



• Recommended DC Operating Conditions (Ta = to + 70°C) 








Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


Vil 


-0.5 


— 


0.8 


V 


1,2 



Notes: 1. All voltage referenced to Vss- 

2. - 3.0V for pulse width < 10 ns. 



• DC Electric 


al Characteristics (Ta 


= Oto +70°C, 


v C c = 


5V ±10%, V S s = 0V) 








Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


RAM Port 


SAM Port 


Operating 
Current 


J CC1 


— 


70 


— 


70 


— 


60 


— 


55 


mA 


RAS, CAS 

Cycling 
t RC = Min 


SE = V IH ,SC = V IL 




I CC7 


- 


120 


- 


120 


- 


100 


- 


85 


mA 


SE = V IL , SC Cycling 
tscc - Min 


1,2 


Standby 
Current 


!CC2 


— 


7 


— 


7 


— 


7 


— 


7 


mA 


RAS, CAS 
= V ffl 


SE = V IH ,SC = V IL 




!CC8 


- 


65 


- 


55 


- 


55 


- 


40 


mA 


SE - V IL , SC Cycling 
tscc = Min 


1 


RAS Only 


!CC3 


— 


70 


— 


70 


— 


60 


— 


55 


mA 


RAS Cycling 


SE = V IH ,SC = V IL 




Refresh 
Current 


!CC9 


- 


120 


- 


120 


- 


100 


- 


85 


mA 


CAS = V IH 
tRc = Min 


SE = V IL , SC Cycling 
tscc = Min 


2 


Page Mode 
Current 


!CC4 


— 


80 


— 


80 


— 


70 


— 


60 


mA 


CAS Cycling 


SE = V IH ,SC = V IL 




Jccio 


- 


130 


- 


130 


- 


110 


- 


90 


mA 


RAS - V IL 
tRC = Min 


SE = V IL , SC Cycling 
tscc = Min 


1,3 


CAS Before 


fees 


— 


60 


— 


60 


— 


50 


— 


40 


mA 


RAS Cycling 
t RC = Min 


SE = V IH ,SC = V IL 




RAS Refresh 
Current 


^Cll 


- 


110 


- 


110 


- 


90 


- 


70 


mA 


SE = V IL , SC Cycling 
tscc = Mi n 




Data 


!CC6 


— 


95 


— 


95 


— 


90 


— 


85 


mA 


RAS, CAS 

Cycling 
tRc = Min 


SE = V IH ,SC = V IL 




Transfer 
Current 


!cC12 


- 


135 


- 


135 


- 


125 


- 


115 


mA 


SE = V IL ,SC Cycling 
tscc = Min 


2 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 








Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 








Output High 
Voltage 


VOH 


2.4 


- 


2.4 


- 


2.4 


- 


2.4 


- 


V 


!oh = "2mA 




Output Low 
Voltage 


Vol 


- 


0.4 


- 


0.4 


- 


0.4 


- 


0.4 


V 


I 0L = 4.2 mA 





Notes: 1. Ice depends 

2. Address can 

3. Address can 



on output load condition when the device is selected. Ice max is specified at the output open condition, 
be changed less than three times while RAS = Vjl. 
be changed once or less while CAS = Vijj. 
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• Capacitance (T A = 25°C, V C c = 5V, f = 1 MHz, Bias: Clock, I/O = V C c> Address = V S s) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Address 


Cn 


— 


— 


5 


pF 


Clocks 


Cl2 


— 


— 


5 


pF 


I/O, SI/O 


Cl/o 


— 


— 


7 


pF 



• AC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 1 - 11 
Test Conditions 



Input Rise and Fall Time 
Output Load 

Input Timing Reference Levels 
Output Timing Reference Levels 



5 ns 

See Figures 

0.8V, 2.4V 

0.4V, 2.4V 



Output Load (A) 



+5V 



Uu = -2mA 



l 0L = 4.2 mA 



I/O- 



"+* 



z=ioopF jr 



rh 



rh 



Output Load (B) 
'oH = " 2mA 



+5V 



l 0L = 4.2 mA 



SI/0- 



-+* 



=F 50 pF 2L 



rh rh 



rh 



Common Parameters 



Note: 1. Including Scope & Jig. 



Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or 
Write Cycle Time 


tRC 


190 


- 


190 


- 


220 


- 


260 


- 


ns 




RAS Precharge 
Time 


tRP 


80 


- 


80 


- 


90 


- 


100 


- 


ns 




RAS Pulse Width 


tRAS 


100 


10000 


100 


10000 


120 


10000 


150 


10000 


ns 




CAS Pulse Width 


*CAS 


30 


10000 


30 


10000 


35 


10000 


40 


10000 


ns 




Row Address 
Setup Time 


*ASR 





- 





- 





- 





- 


ns 




Row Address 
Hold Time 


tRAH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




Column Address 
Setup Time 


tASC 





- 





- 





- 





- 


ns 




Column Address 
Hold Time 


tCAH 


20 


- 


20 


- 


20 


- 


25 


- 


ns 




RAS to CAS 
Delay Time 


*RCD 


25 


70 


25 


70 


25 


85 


30 


110 


ns 


5,6 


RAS Hold Time 


tRSH 


30 


— 


30 


— 


35 


— 


40 


— 


ns 




CAS Hold Time 


tCSH 


100 


— 


100 


— 


120 


— 


150 


— 


ns 




CAS to RAS Pre- 
charge Time 


tCRP 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Transition Time 
(Rise to Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


8 


Refresh Period 


tREF 


— 


8 


— 


8 


— 


8 


— 


8 


ms 
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HM534251 Series 



Common Parameters (continued) 




















Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


DTtoRAS 
Setup Time 


*DTS 





- 





- 





- 





- 


ns 




DTtoRAS 

Hold Time 


tDTH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




Data-in to OE 
Delay Time 


tDZO 





- 





- 





- 





- 


ns 




Data-in to CAS 
Delay Time 


*DZC 





- 





- 





- 





- 


ns 





Read Cycle (RAM), Page Mode Read Cycle 



Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time 
from RAS 


tRAC 


- 


100 


- 


100 


- 


120 


- 


150 


ns 


2,3 


Access Time 
from CAS 


tCAC 


- 


30 


- 


30 


- 


35 


- 


40 


ns 


3,5 


Access Time 
from OE 


tOAC 


- 


30 


- 


30 


- 


35 


- 


40 


ns 


3 


Address 
Access Time 


*AA 


- 


45 


- 


45 


- 


55 


- 


70 


ns 


3,6 


Output Buffer 
Turn-off Delay 
Referenced to CAS 


k)FFl 


- 


25 


- 


25 


- 


30 


- 


40 


ns 


7 


Output Buffer 
Turn-off Delay 
Referenced to OE 


tOFF2 


- 


25 


- 


25 


- 


30 


- 


40 


ns 


7 


Read Command 
Setup Time 


*RCS 





- 





- 





- 





- 


ns 




Read Command 
Hold Time 


tRCH 





- 





- 





- 





- 


ns 


12 


Read Command Hold 
Time Referenced 
to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


ns 


12 


RAS to Column 
Address Delay Time 


tRAD 


20 


55 


20 


55 


20 


65 


25 


80 


ns 


5,6 


Page Mode 
Cycle Time 


tpc 


55 


- 


55 


- 


65 


- 


80 


- 


ns 




CAS Precharge 
Time 


*CP 


10 


- 


10 


- 


15 


- 


20 


- 


ns 




Access Time from 
CAS Precharge 


*ACP 


- 


50 


- 


50 


- 


60 


- 


75 


ns 




RAS Pulse Width 
in Page Mode 


tRASP 


0.1 


100 


0.1 


100 


0.12 


100 


0.15 


100 


ju-s 
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HM534251 Series 



Write Cycle (RAM), Page Mode Write Cycle 



Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command 
Setup Time 


twcs 





- 





- 





- 





- 


ns 


9 


Write Command 
Hold Time 


twCH 


25 


- 


25 


- 


25 


- 


30 


- 


ns 




Write Command 
Pulse Width 


twp 


15 


- 


15 


- 


20 


- 


25 


- 


ns 




Write Command to 
RAS Lead Time 


tRWL 


30 


- 


30 


- 


35 


- 


40 


- 


ns 




Write Command to 
CAS Lead Time 


*CWL 


30 


- 


30 


- 


35 


- 


40 


- 


ns 




Data-in 
Setup Time 


*DS 





- 





- 





- 





- 


ns 


10 


Data-in 
Hold Time 


tDH 


25 


- 


25 


- 


25 


- 


30 


- 


ns 


10 


WE to RAS 

Setup Time 


tws 





- 





- 





- 





- 


ns 




WE to RAS 
Hold Time 


tWH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




Mask Data to 
RAS Setup Time 


*MS 





- 





- 





- 





- 


ns 




Mask Data to 
RAS Hold Time 


*MH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




OE Hold Time 

Referenced to WE 


t<3EH 


10 


- 


10 


- 


15 


- 


20 


- 


ns 




Page Mode 
Cycle Time 


tpc 


55 


- 


55 


- 


65 


- 


80 


- 


ns 




CAS Precharge 
Time 


tcp 


10 


- 


10 


- 


15 


- 


20 


- 


ns 




RAS Pulse Width 
in Page Mode 


tRASP 


0.1 


100 


0.1 


100 


0.12 


100 


0.15 


100 


JUS 




Read-Modify-Write Cycle 


Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write 
Cycle Time 


tRWC 


255 


- 


255 


- 


295 


- 


350 


- 


ns 




RAS Pulse Width 


tRWS 


165 


10000 


165 


10000 


195 


10000 


240 


10000 


ns 




CAS to WE Delay 


tc\VD 


65 


— 


65 


— 


75 


— 


90 


— 


ns 


9 


Column Address 
to WE Delay 


*AWD 


80 


- 


80 


- 


95 


- 


120 


- 


ns 


9 


OE to Data-in 
Delay Time 


tODD 


25 


- 


25 


- 


30 


- 


40 


- 


ns 




Access Time 
from RAS 


tRAC 


- 


100 


- 


100 


- 


120 


- 


150 


ns 


2,3 


Access Time 
from CAS 


tCAC 


- 


30 


- 


30 


- 


35 


- 


40 


ns 


3,5 


Access Time 
from OE 


tOAC 


- 


30 


- 


30 


- 


35 


- 


40 


ns 


3 


Address 
Access Time 


*AA 


- 


45 


- 


45 


- 


55 


- 


70 


ns 


3,6 


RAS to Column 
Address Delay 


tRAD 


20 


55 


20 


55 


20 


65 


25 


80 


ns 


5,6 
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HM534251 Series 



Read-Modify-Write Cycle (continued) 



Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Output Buffer 
Turn-off Delay 
Referenced to OE 


t()FF2 


- 


25 


- 


25 


- 


30 


- 


40 


ns 




Read Command 
Setup Time 


tRCS 





- 





- 





- 





- 


ns 




Write Command to 
RAS Lead Time 


tRWL 


30 


- 


30 


- 


35 


- 


40 


- 


ns 




Write Command to 
CAS Lead Time 


*CWL 


30 


- 


30 


- 


35 


- 


40 


- 


ns 




Write Command 
Pulse Width 


t WP 


15 


- 


15 


- 


20 


- 


25 


- 


ns 




Data-in 
Setup Time 


*DS 





- 





- 





- 





- 


ns 


10 


Data-in 
Hold Time 


*DH 


25 


- 


25 


- 


25 


- 


30 


- 


ns 


10 


WE to RAS 
Setup Time 


tws 





- 





- 





- 





- 


ns 




WE to RAS 
Hold Time 


*WH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




Mask Data to 
RAS Setup Time 


tMS 





- 





- 





- 





- 


ns 




Mask Data to 
RAS Hold Time 


*MH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




OE Hold Time 
Referenced to WE 


tOEH 


10 


- 


10 


- 


15 


- 


20 


- 


ns 





Refresh Cycle 
























Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 
(CAS Before 
RAS Refresh) 


*CSR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS Before 
RAS Refresh) 


tCHR 


20 


- 


20 


- 


25 


- 


30 


- 


ns 




RAS Precharge to 
CAS Hold Time 


*RPC 


10 


- 


10 


- 


10 


- 


10 


- 


ns 





Transfer Cycle 






















Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


WE to RAS 
Setup Time 


tws 





- 





- 





- 





- 


ns 




WE to RAS 
Hold Time 


tWH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




SEtoRAS 
Setup Time 


tES 





- 





- 





- 





- 


ns 




SEtoRAS 
Hold Time 


tEH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




RAS to SC 
Delay Time 


tSRD 


25 


- 


30 


- 


30 


- 


35 


- 


ns 




SCtoRAS 
Setup Time 


tSRS 


30 


- 


40 


- 


40 


- 


45 


- 


ns 
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HM534251 Series 



Transfer Cycle (continued) 



Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


DT Hold Time 
from RAS 


tRDH 


80 


- 


90 


- 


90 


- 


110 


- 


ns 




DT Hold Time 
from CAS 


tCDH 


20 


- 


30 


- 


30 


- 


45 


- 


ns 




Last SC to 
DT Delay Time 


tSDD 


5 


- 


5 


- 


5 


- 


10 


- 


ns 




First SC to 
DT Hold Time 


tSDH 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




DT to RAS 

Lead Time 


tDTL 


50 


- 


50 


- 


50 


- 


50 


- 


ns 




DT Hold Time 
Referenced to 
RAS High 


tDTHH 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




DT Precharge Time 


tDTP 


30 


— 


35 


— 


35 


— 


40 


— 


ns 




Serial Data Input 
Delay Time from RAS 


*SID 


50 


- 


60 


- 


60 


- 


75 


- 


ns 




Serial Data Input 
to RAS Delay Time 


tSZR 


- 


10 


- 


10 


- 


10 


- 


10 


ns 




Serial Output 
Buffer Turn-off 
Delay from RAS 


tSRZ 


10 


50 


10 


60 


10 


60 


10 


75 


ns 


7 


RAStoS out (Low-Z) 
Delay Time 


tRLZ 


5 


- 


10 


- 


10 


- 


10 


- 


ns 




Serial Clock 
Cycle Time 


tscc 


30 


- 


40 


- 


40 


- 


60 


- 


ns 




Serial Clock 
Cycle Time 


*SCC2 


40 


- 


40 


- 


40 


- 


60 


- 


ns 


13 


Access Time 
from SC 


tsCA 


- 


30 


- 


35 


- 


40 


- 


50 


ns 


4 


Serial Data-out 
Hold Time 


tsOH 


7 


- 


7 


- 


7 


- 


7 


- 


ns 


4 


SC Pulse Width 


*sc 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-in 
Setup Time 


tsis 





- 





- 





- 





- 


ns 




Serial Data-in 
Hold Time 


tSIH 


15 


- 


20 


- 


20 


- 


25 


- 


ns 
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HM534251 Series 
Serial Read Cycle 



Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Serial Clock 
Cycle Time 


tscc 


30 


- 


40 


- 


40 


- 


60 


- 


ns 




Access Time 
from SC 


tSCA 


- 


30 


- 


35 


- 


40 


- 


50 


ns 


4 


Access Time 
from SE 


tSEA 


- 


25 


- 


30 


- 


30 


- 


40 


ns 


4 


Serial Data-out 
Hold Time 


tSOH 


7 


- 


7 


- 


7 


- 


7 


- 


ns 


4 


SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Serial Output 
Buffer Turn-off 
Delay from SE 


*SEZ 


- 


25 


- 


25 


- 


25 


- 


30 


ns 


7 


Serial Write Cycle 


Parameter 


Symbol 


HM534251-10 


HM534251-11 


HM534251-12 


HM534251-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Serial Clock 
Cycle Time 


tscc 


30 


- 


40 


- 


40 


- 


60 


- 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-in 
Setup Time 


tsis 





- 





- 





- 





- 


ns 




Serial Data-in 
Hold Time 


*SIH 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




Serial Write 
Enable Setup Time 


tsws 





- 





- 





- 





- 


ns 




Serial Write 
Enable Hold Time 


tsWH 


30 


- 


35 


- 


35 


- 


50 


- 


ns 




Serial Write Dis- 
able Setup Time 


tswis 





- 





- 





- 





- 


ns 




Serial Write Dis- 
able Hold Time 


*SWIH 


30 


- 


35 


- 


35 


- 


50 


- 


ns 





Notes: 1. AC measurements assume tj = 5 ns. 

2. Assumes that tRCD ^ tRCD (max) and tRAD - *rad ( max )- ^ tRCD or tRAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

5. When tRCD ^ *rcd ( max ) an ^ tRAD - tRAD (max), access time is specified by tcAO 

6. When tRCD ^ tRCD (max) and tRAD - tRAD (max), access time is specified by t^A- 

7. toFF (max) is defined as the time at which the output achieves the open circuit condition (Vqh "~ 200 mV, Vol + 200 mV). 
8- Vjjj (min) and Vjl (max) are reference levels for measuring timing of input signals. Transition times are measured between 

V IH and V IL . 
9. When t\vcs - twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 
condition. When tAWD ^ tAWD (min) and tcwD ^ tcwD (min), the cycle is a read-modify-write cycle; the data of the 
selected address is read out from a data output pin and input data is written into the selected address. In this case, imped- 
ance on I/O pins is controlled by OE. 

10. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or a read- 
modify-write cycles. 

11. After power-up, pause for 100 juls or more and execute at least 8 initialization cycles (normal memory cycles or refresh 
cycles), then start operation. 

12. If either tRCH or tRRH is satisfied, operation is guaranteed. 

13. tcc2 i s defined as the last SAM cycle time before read transfer in read transfer cycle (1). 



1014 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM534251 Series 



I TIMING WAVEFORMS 
> Read Cycle 



-tRC- 



tASR 



Address 



I 



• tCSH - 



— tRAD- 
tRAH 



ROW 



tASC 



-tRSH — 



-tCAS- 



-tCAIL 



COLUMN 



mill i ii ii n 



1/0 

(OUTPUT) 



I/O T 
(INPUT) 



- tRAC- 



tRP 



" in/ii/i/i/h 



-tAA- 



tDZC 



llllliiiiiiiii i 



tDTS 



DT/OE / // 



-tDTH_ 



\//////// 



— -tOFFl- 



> 



tOAC 



tOZO 



¥7777771 



tOFF2 



<ffi 



zzzzz 



V / A ; Don't c«r« 



• Early Write Cycle 



RAS 



tASJ? 



Address 



I/O 
(INPUT) 



a 



-tftC— 



-triAS- 



7JC 



17777771 



"T$H 



tMS 



27J 



(77771: 



tASC 



-tRSH- 



-tRP 

Lb 



WT 



-tCAS - 



tCAH 



COLUMN 



tWCS tWCH 



)////////// 



-ttfP- 



"Tm¥ 



I tDS tDH 



I/O 
(OUTPUT)" 



tDTS P" 



DT/OU 



P77777; 



mrrnr, 



VALID 
Din 



</////////// 



HIGH-Z 



1/////////////////////. 



Note: 



When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534251 Series 



• Delayed Write Cycle 



CAS 



tASR 



Address 



-tRC- 



— tRCD - 



-tRAS - 



tASC 



II . row A r.. 



t«S tRAH 



-tRSH- 



1M 2 — * 



■ tCAS - 



n 



tCSH 



COLUHN 



tCAH 



iiiiiiiiiiiiiirn 



DT/OR _J 



t-35- 



T/O 
(OUTPUT) 



zzza 



azrz®: 



tDS 



-tVCH - 
-tVP — 



-tRWL- 
-tCWL - 



Vinimi, 



tOEII -r ; 



tDH | 



VALID DATA IN 



Vlll/ll/lll, 



I/O 
(INPUT) 



HIGH-Z 



I///1 ; Don't c«r« 



Note: *1. When WE is high level, all the data on I/Os can be written into the memor y cell . When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 

• Read-Modify- Write Cycle 



«an- 



w 



tASR 



Address 



-WE 



I/O 
(INPUT) 



w 



-tWG- 



-tRVS- 



rtRP -- 



-tCSH - 



-„RCD- 



-*-tRAD' 



-I 



ROW 



tASC 



tVS tWH 1 tRCS 

IMS tMH 



2Za: -. 



tMH 
~"-tDZC- 



1/0 
(OUTPUT) 



tDTS 



DT/OE 



Zffi 



-tCAS- 



-tCAH-H 



COLUMN 



tRAC 



tDTH^ 



tRSH 



niiiiiiiiiiuin 



tODD 

-tcAc^r* 



tAA 



tOAC 



ml 



"~tAVD tDS [7 

< 



- tCVL- 
-tRWL- 

-twp— 



VALID 

_ Din 



/ VALJLU 



,tOFF2 



Z77777 



(/////////. 



tOEH 



t//////. 



(ZZ3; 



Don t car* 



Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534251 Series 



• Page Mode Read Cycle 



-IRASP- 



Trcit 



Y/KAd 



,„.Q) 



i tASK 



tRAII 



COLUMN 



. mum 



-tPC- 



tASC 



Ullllllll 



3q, 



tCAC 



I/O 
(OUTPUT)" 



-ctRAC- 



tAA 



I/O 
(INI 



;. mum 

IDIS TtDTH * 



m 



UTZO 
tOAC 



m 



- tCAS»- 



- tKSH - 
- tCAS - 



-IKP— -V. 



COLUMN 



w 



(77777] &77777T77 /77 

titcii iL li tubs h- t\{ <n» 
-4r* I —tib 



tOFF.1 f-tAA- 
N=j tACP- 



VAL1D 
Dout 



tOFF2 



W 



mm 



tDZO 
tPAC. 



tllCII II J 
tOFFl tAA 



tCAC 

U=3 



tr_t'Ad'. 



VALID 
Dout 



y 



tDZC 



m> 



tOFF2| 



Z77E 



^tfizo 



ItOAC 



tOFFl 



VALID 
Dout 



tOFF'Z 



\L 



>T 



l /////ll 



\ZZ2; 



Don t euro 



• Page Mode Write Cycle (Early Write) 



Jrcss / lh 



* m 



LWS JtWII tWCS tWCH 



I/O J 
(INPUT) 



a 



- IRC — 
- tRASP 



IE 



-tcis - 



'— ti 



IZZZZZZ 




I— tRSH - 



S* 1 1 tMII EPSlP~tl 



I/O 
(OUTPUT) 



DT/Oli 



tASC 



'(7777777); 



_tCAS ^ 




VALID 
Din 



ZZZ7J 



M irzwirnu rimTf rt-z]nni/!i/i 

i t^-,twp -> lt wp'l . 3 i* • ; tvp - - H 

Mil EPSlI ' tfllll tDS - - 11 " tDtT tDS["~ 1 1 * tDlll 



yiiiiiiiiiiiu , 



VALID 
Din 



tDSh 

ZZTZj 



VALID 
Din 



y////////,// 



n 



wr Miiiiiniiiiiiiiiniiiiiiiiiiiiiii urn 



IZZ2; Don't ca-.e 



Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534251 Series 

• Page Mode Write Cycle (Delayed Write) 



CAS tASR 



3 



-UUSP 



LRAIl) ^ 



-tCP — H! 
tASC 



U.tCAS_ 



-= 



tMS HtMHl tDS tDH 



£ 



(INPUT) J, *± 



I/O 
(OUTPUT)" 



TT K777777T- f7T 7777r-f777777 



tc vL 
twp t ""1 



^.tCAS- 



:ASC tCAHl tASC tCAH tASC tCi 

|cOLUHn| / / / / / I IJ^fTJl I II I /UuHN 



- tCRp- 




"tvp ~m 



llllllllllllll. 



Illllllllllllllh 



(mp pTTTmp fmm^rTmmi 1 1 1 1 1 1 1 u i 



HIGII-Z 



Df/Oli 



i m 



tOEII 



VIIIIIIIIIII/HI TTi 



V/A ; Doa't c*r< 



Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 



• RAS Only Refresh Cycle 












RAS 






p* tRAS- --I 






1 


tRP 


\ 




tCRP 


— 




tf i 


PC 


CAS / / / 

tASRj 






Mlllllllllll 


tRAH| 








' ' 1 




Address / / | 


™ iiiiiiiiiiiiimiiiiiiiiiii 




High-Z 


I/O 
(OUTPUT) 




(INPUT) ////// 


'llllllllllllllllllllllllllll. 


tDTS 


tDTH 


DT/OE '/ //| 


Vlllllllllllllllllllllli 

V / £\ Don't care 

0084-14 
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HM534251 Series 



• CAS Before RAS Refresh Cycle 



RAS 
CAS 
Address 

WE 

I/O 
(INPUT) 

I/O 
(OUTPUT) 

DT/OE 










- tRC 






0084-15 


/ 


tRP 








\ 




U— tRAS ! 








.J 




tRPC 


tCSR _ 




i 




. 


_ . tCRP — 




/ 




//////////////////////////// 




////////////////////////// 




/////////////////////////// 


HIC 


JH-Z 








////////////////////////// 


l///i; Don't car« 
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HM534251 Series 

• Hidden Refresh Cycle 



«AZ tu'.P 



CAS 



tASR 



Address 



-tRC- 



. tRAS- 



-tRCD- 



.tRAD i 
t'ASC 



ROW 



-tRSH- 



,tCAH 



COLUMN 



tRCS 



■ mm 



I/O 
(OUTPUT) 



tDTS 



DT/OE JJ 



tDZO 



I/O 
(INPUT) 



TD) 



tR? 



-tRC- 



1. 



-tRAS- 



-tCHR- 



■ tspi: 



tcKP 



■ UIIIIIIIIIIIIITTTTTn 



tRRH 



yiiiiiiiiiium 



-tAA- 



tRAC- 

tDIH tCAC 



tDZC 



[ZZjz^zi 



tOFFl 



VALID DATA OUT 



tOFF2 



HIGH-Z 



IZZ3; 
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HM534251 Series 



• Read Transfer Cycle (1) 1 » 2 



RAS 



CAS 



Address 



tRC- 
tRAS 



F 



I tRC D 



— tRSH- 



-LL 



tASR 



3 



mm 



ROW 



WE Tjj 



tvs 



I/O 
(OUTPUT)" 



tASC 



i 



tRP 



tCAS- 



tCAH 



SAM START 
ADD. 



-tCSH 



tCRP 



viiiiiiiiiiuirmi 



aiiiiiuiiiiiiiiiiiiiiiiii 



I/O 
(INPUT) 



HIGH-Z 
~tCDH 



- tDTL- 



tDTS . r 



■ tRDH- 



SC 



SI/O 
(OUTPUT) 



SI/O 
(INPUT) 






• tscc- 



y[^tsc — i 

tSOH 



JiSCL 



tDTHH 



Z 



tDTP 



mm 



VALID 
Sout 



f— tSDD tSDH, 



tSCA 



mri i mmY^m°^iJTi 



Previous Row- 
HIGH-Z 



-New Row 



223; Don't c«r« 



Notes: 1. When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (1). 
2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
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HM534251 Series 

• Read Transfer Cycle (2) 



I/O 
(INPUT) 





— tRC 

I 

- tRAS "-1^~ 


H 


\ 


RAS 




ikZW ^ \ 


"1 




tRCD 




ttRP | 








1 


' 1 


CAS tASR 


\ 


-tCAS 


-k 








tRAH 


tASC 


tCAH 






Address JJ 


"\/V" SAM START " 
. RoW Ah. ADD. \ 


<//////////////////. 






I" , 


— \ tCSH J 

1 1 






51 T] 






///////////////////////// 


t 


,«s 


tVH 






, ' tDTL 




I/O 




High-Z 1 


(OUTPUT) 




^ tCDH -jl 1 



tDTS 



DT/OE _J 5 __ 



SC 



SI/O 
(OUTPUT)" 



-tRDH- 



/ 



tDTP 



t§m t $cp. 



-tSIS 



si/o vr VALID 

(INPUT) j Sin 



tSDH 



tDTHH 



villain 



.tSC 



\ 



-tscc- 



tRLZ U — tSCAH 

E — ■ qiiiiiiiiiiiihj 



VALID 
Sout 



V 

, . _ JH 

XZZ2 



■tSOH 



tSZR 



j; Don't car* 
IX X X ; Inhibit rising transient 



Notes: 1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 
2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
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HM534251 Series 



• Pseudo Transfer Cycle 



HAS 



CAS tASR 



Address 



u: 



-tRC- 
tRAS 



IRCD_ 



bscf 

tRAH 



■ a 



tvs tw 



tDTS 



DT/OE /) . 



SE 



SC 



X 



■ tRSH- 
-tCAS- 



tRP 



tCAH 



SAM START 
ADD. 



:<he 



tCRP 



iiiiiiiiu 



tCSH 



1//////////////////////// 



tDTH 



■ iimmmiiiiiiminiii 



tS( 



SI/0 
(INPUT) 



tSRS 



tSOH 



^EH 4 I tSRDl tSCC 1 



unmnmm 



tSID 



SI/0 
(OUTPUT) 



~Esca 



tSRZ- 



tSCF 



tSIS 



<ezzzzd 



l-~-\ 



•tsc- 

tSIH 



VALID 
Sin 



mm 



> 



I/O ; Don t c«r« 
223; Don't c»r« 
RXX33 ; Inhibit rising transient 
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HM534251 Series 



> Write Transfer Cycle 



il 



RAS 



CAS 



Address 



-tRC 



1~ , .. »3 



■ ~tH3 



T-tRSH- 



tASR 



3: 



tvs 



tRAH 



ROW 



tDTS 



DT/OE 



SE 



1 



tES 



Dt 



tSRS 



SC 



tSIS 



SI/O V" VALID 
(INPUT) [.._ 



K 



tASC 



;• tRP 



tCAS 



tCRP 



tCAH 



SAM START 
ADD. 



iiiimmiiiiTn 



SCSH 



^iinnmiiiiiiiiiiiiiiiii 



tDTH 



y////////////////////////// 



tEH 



yuiiiiiiiiiiiiiiiiiiiiui, 



tSC 
. tSIH 



mmmtm 



Sin 



'unummn. 




SI/0 
(OUTPUT) 



HIGH-Z 



223; Don't car* 

9; Inhibit rising transient 
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HM534251 Series 



• Serial Read Cycle 



RAS 



^ — tRAS -I 

"lLiniH_j \r 



tDTS 



|L 



«, mnmnmna viuiiiin 



SE 



SC 



/ 



-tscc 
— tsc- 



J 



(n-1) 



tSCP 



SI/0 
(OUTPUT) 



DQZD 



tSCA 



4 



-T 



-tscc- 



— tsc— 



(n) 



J-tsc- 



VALID 
Sout 



(n-1) 



tSEZ 



tSCP, 



-tSCC- 



(n+1) 
— tSEA 



.tSCP 



-< 



— tSCA-JTn+IJ 



(n+2) 
tSOH 



A_r 



VALID 
j Sout 



zz 



tSCA 



VALID 
1 Sout 



(n+2) 



I///1 ; Don't car* 



► Serial Write Cycle 



RAS tDTS 


« tRAS. 

| . twg 


/ 


■""" 






M lllllllllllllllllf 




l///////// 



SE 



SC 



_y 



■ tscc- 



_tsc ,. 

(n-2) 



SI/0 
(INPUT) Sin 



25EZ3 



tSWIS tSWIH 



-tSWH — I 
■ tSCC 



(n-1) \~ 



-tSC£_ 



— tSWS- 
tSCC- 



* VALID 
Sin(n-ltf 



tSI£jJpSIH__ 



illinium 



tSIS 



' (n) I, i (n*l) \ / 



' VALID 
fcin(n+l). 



if 



SIH 



(UK 



; Don't care 



Notes: 1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
2. Address is accessed next to address 511. 
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HM534251A Series 

262,144-Word x 4-Bit Multiport CMOS Video RAM 

■ DESCRIPTION 

The HM534251A is a 1-Mbit multiport video RAM 
equipped with a 256k-word x 4-bit dynamic RAM and a 
512-word x 4-bit SAM (serial access memory). Its RAM and 
SAM operate independently and asynchronously. It can 
transfer data between RAM and SAM and has write mask 
function. 

■ FEATURES 

• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM 
and SAM Capability 

RAM 256k-word x 4-bit 

SAM 512-word x 4-bit 

• Access Time 

RAM 80 ns/100 ns (max) 

SAM 25 ns/25 ns (max) 

• Cycle Time 

RAM 150 ns/190 ns (min) 

SAM 30 ns/30 ns (min) 

• Low Power 

Active RAM 360 mW (max) 

SAM 280 mW (max) 

Standby 38.5 mW (max) 

• High-speed Page Mode Capability 

• Mask Write Mode Capability 

• Bidirectional Data Transfer Cycle Between RAM and SAM 
Capability 

• Real Time Read Transfer Cycle Capability 

• 3 V ariatio ns of Refresh (8 ms/512 cycles) 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HM534251AJ-8 
HM534251AJ-10 


80 ns 
100 ns 


400 mil 28-pin 
Plastic SOJ 
(CP-28D) 


HM534251AZ-8 
HM534251AZ-10 


80 ns 
100 ns 


400 mil 28-pin 
Plastic ZIP 
(ZP-28) 


■ PIN DESCRIPTION 


Pin Name 


Function 


Ao-A 8 


Address Inputs 


I/O0-I/O3 


RAM Port Data Inputs/Outputs 


SI/O0-SI/O3 


SAM Port Data Inputs/Outputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Write Enable 


DT/OE 


Data Transfer/Output Enable 


SC 


Serial Clock 


SE 


SAM Port Enable 


v C c 


Power Supply 


v ss 


Ground 


NC 


No Connection 



HM534251AJ Series 




(CP-28D) 



HM534251AZ Series 




(ZP-28) 



PIN OUT 



HM534251AJ Series 



SC 


C 


1 


SI/00 


L 


2 


SI/01 


L 


3 


nr/C£t 


4 


LOO 


C 


5 


1/01 


C 


6 


m 


£ 


7 


NC 


c 


8 


RS5" 


q 


9 


£8 


q 


10 


A6 


c 


11 


A5 


c 


12 


A4 


q 


13 


Vcc 


c 


14 



28 


^ Vss 


27 


=ISL03 


26 


3 SKE 


25 


dse* 


24 


3 103 


23 3 I/02 


22 


3 NC 


21 


I3CS5" 


20 3 NC 


19 J AO 


18 3 A1 


17 


3& 


16 


1 A3 


15 


D A7 



(Top View) 



HM534251AZ Series 




(Bottom View) 
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HM534251A Series 

■ PIN FUNCTIONS 

RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of these signals determine the operation cycle of 
theHM534251A. 



• Table 1. 


Operation Cycles of HM534251A 


Input Level at the Falling Edge of RAS 


Operation Mode 


CAS 


DT/OE 


WE 


SE 


L 


X 


X 


X 


CBR Refresh 


H 


L 


L 


L 


Write Transfer 


H 


L 


L 


H 


Pseudo Transfer 


H 


L 


H 


X 


Read Transfer 


H 


H 


L 


X 


Read/Mask Write 


H 


H 


H 


X 


Read/Write 



CAS (input pin) : Co lumn address is fetched into chip at the 
falling edge of CAS. CAS controls output impedance of I/O 
in RAM. 

Arj-A8 (input pins): Row a ddres s is determined by Aq-As 
level at the falling edge of RAS. Column a ddre ss is deter- 
mined by Aq-As ' evel at tne falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 

W E (inp ut pin): WE pin has two functions at the falling edge 
of R AS and after. When WE is low at the falling edge of 
RAS, the HM534251A turns to mask write mode. According 
to the I/O level at the time, write o n eac h I/O can be 
masked. (WE level at the falling edge of RAS is don't care in 
read cycle.) When WE is high at the falling edge of RAS, a 
normal write cycle is executed. After that, WE switches 
read/write cycles as in a standard DRAM. In a transfer cy- 
cle, the direction of tra nsfer is determined by WE level at 
the falling edge of RAS. When WE is low, data is transferred 
from SAM to RAM (data is written into RAM), and when WE 
is high, data is transferred from RAM to SAM (data is read 
from RAM). 

I/O0-I/O3 (input/output pi ns): I/O pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only to high I/O pins. Data on low I/O pins are 
masked and internal data are retained. After that, they func- 
tion as input/output pins as those of a standard DRAM. 

DT/OE (input pin): DT/OE pin func tions as DT (data trans- 
fer) pin at the falling edge_of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle beco mes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 

SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data outputs from an Sl/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an Sl/O 
pin at the rising edge of SC is fetched into the SAM data 
register. 

SE (input pin): SE pin activates SAM. When SE is high, Sl/O 
is in the high impedance state in serial read cycle and data 
on Sl/O is not fetched into the SAM data register in serial 
write cycle. SE can be used as a mask for serial write be- 
cause internal pointer is incremented at the rising edge of 
SC. 



SI/O0-SI/O3 (input/output pins): Sl/Os are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
Sl/O outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, Sl/O inputs data. 

■ OPERATION OF HM534251A 

RAM R ead Cycle (DT/OE high and CAS high at the falling 

edge of RAS) 

Row address is entered at the RAS falling edge and col- 
umn address at the CAS falling^ edge to the device as in 
stand ard D RAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected a ddres s data output s thro ugh 
I/O pin. At the falling edge of RAS, DT/OE and CAS be- 
come high to distinguish RAM read cycle from transfer cycle 
and CBR refresh cycle. Address access time (tAA) and RAS 
to column address delay time (tRAD) specifications are add- 
ed to enable high-speed page mode. 

RAM Write Cycle (Early Write, Delayed Write, Read- 
Modify-Write) (DT/OE high and CAS high at the falling 
edge of RAS) 

• Norm al Mode Write Cycle (WE high at the falling edge of 
RAS) 

When CAS and WE are set low after driving RAS low, a 
write cycle is executed and I/O data is writtenjn the select- 
ed addresses. When all 4 l/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle a nd I/ O becomes in high im- 
pedance. Data is entered at the C AS falling edge. 

If WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling. 
I/O does not become high impedance in this cycle, so data 
should be entered with OE in high. 

tf WE is set low after tcwD ( mir and tAWD ( min ) after the 

CAS falling edge, this cycle becomes a read-modify-write cy- 
cle and enables read/write at the same address in one cy- 
cle. In this cycle also, to avoid I/O contention, data should 
be input after reading data and driving OE high. 

• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode cycle which writes only to select- 
ed I/O. Whether or not an I/O is writ ten d epends on I/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high I/O pins and masked in low ones and inter- 
nal d ata is retained. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is retained during the page access. 

High-Speed Page Mo de C ycle (DT/OE high and CAS 
high at the falling edge of RAS) 

High-speed page mode cycle reads/wri tes th e dat a of t he 
same row address at high speed toggling CAS while RAS is 
low. Its cycle time is one third of the ran dom read/write cy- 
cle. Note that address access time ^aa). RAS to c olumn ad- 
dress delay time ^rad). and the acce ss time from CAS pre- 
charge (tACP) are added. In one RAS cycle, 512-word mem- 
ory cells of the same row address can be accessed. It is 
necessary to specify access frequency within tRASP max 
(100 jus). 
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• Transfer Operation 

The HM534251A provides the read transfer cycle, pseudo 
transfer cycle and write transfer cycle as da ta tra nsfer cy- 
cles. These transfer cycles are s et by driving CAS high and 
DT/OE low at the falling edge of RAS. They have following 
functions: 

(1) Transfer data between row address and SAM data reg- 
ister (except for pseudo transfer cycle) 

Read transfer cycle: RAM to SAM 
Write transfer cycle: SAM to RAM 

(2) Determine Sl/O state 

Read transfer cycle: Sl/O output 
Pseudo transfer cycle and write transfer cycle: Sl/O in- 
put 

(3) Determine first SAM address to access after transfer- 
ring at column address (SAM start address). 

SAM start address must be determined by read transfer 
cycle or pseudo transfer cycle after power on, and deter- 
mined for each transfer cycle. 

Read Transfer Cy cle (C AS high, DT/OE low and WE high 
at the falling edge of RAS) 

This cycle becomes read transfer cycl e by d riving DT/OE 
low and WE high at the falling edge of RAS. The row ad- 
dress data (512 x 4-bit) determined by this cycle is trans- 
ferred to SAM data register synchronously at the rising edge 
of DT/OE. After the rising edge of DT/OE, the new address 
data outputs from SAM start address determined by column 
address. In read transfer cycle, DT/OE must be risen to 
transfer data from RAM to SAM. 



This cycle can access SAM even during transfer (real 
time read transfer). In this case, the timing tsoD ( min ) speci- 
fied _between the last SAM access before transfer and 
DT/OE rising edge and tspH (min) specified between the 
first SAM access and DT/OE rising edge must be satisfied. 
(See figure 1 .) 

When read transfer cycle is executed, Sl/O becomes out- 
put state by first SAM acess. Input must be set high imped- 
ance before tszs ( min ) of tne f irst SAM access to avoid data 
contention. 

Pseudo Transfer Cycle (CAS high, DT/OE low, WE low 
and SE high at the falling edge of RAS) 

Pseudo transfer cycle switches Sl/O to input state and 
set SAM start address wit hout d ata transfer to RAM. 

This cycle starts when CAS is h igh, D T/OE low, WE low 
and SE high at the falling edge of RA S. Da ta should be in- 
put to Sl/O later than tsio (min) after RAS becomes low to 
avoid data cont ention . SAM access becomes enabled after 
tsRD (min) after RAS b ecom es high. In this cycle, SAM ac- 
cess is inhibited during RAS low, therefore, SC must not be 
risen. 

Write Transfer Cycle (CAS high, DT/OE low, WE low and 
SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address for serial write after terminating this cycle. Also in 
this c ycle, SAM access becomes enabled after tsRD (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC must not be risen. 














RAS N 


v 


/ 










CAS 


\ 


r 




Address X xi X Yj 


_X 


DT/OE \L 








- 




DSF \ 




/ t 








TSDD 


<— > 

k 


^SOH k 


kw^w- 


sc v\w\w\\^ 


\ =| 


s " u X X X X !j 

SAM Data before Transfer 


( Yj X Y J + 1 
SAM Data after Transfer 


■'■■ ►^ ■ 

0083-4 




Figure 1. Real Time Read Transfer 
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Data transferred to SAM by read transfer cycle can be 
written to other address of RAM by write transfer cycle. 
However, the address to write data must be the same MSB 
of row address (AX8) as that of the read transfer cycle. 

• SAM Port Operation 
Serial Read Cycle 

SAM port is in read mode when the previous data trans- 
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from Sl/O. When SE is 
set high, Sl/O becomes high impedance, and the internal 
pointer is incremented by the SC rising. After indicating the 
last address (address 511), the internal pointer indicates ad- 
dress at the next access. 

Serial Write Cycle 

If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, Sl/O data is fetched into data register at the SC rising 
edge like in the serial read cycle. If SE is high, Sl/O data 
isn't fetched into data register. Internal pointer is increment- 
ed by the SC rising, so SE high can be used as mask data 
for SAM. After indicating the last address (address 511), the 
internal pointer indicates address at the next access. 

• Refresh 
RAM Refresh 

RAM, which is composed of dynamic circuits, requires re- 
fresh to retain data. Refresh is executed by accessing all 



512 row addr esses within 8 ms. Th ere ar e three refre sh cy- 
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hi dden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required when all row addresses are ac- 
cessed within 8 ms. 

(1) RAS Only Refresh Cycle: RAS only refres h cycl e is exe- 
cuted by activating only RAS cycle with CAS fixed to 
high after inputting the row address (= refresh address) 
from external circuits^ To_ distinguish this cycle from 
data tra nsfer cycle, DT/OE must be high at the falling 
edge of RAS. 

(2) CB R Ref resh Cycle: CBR refresh cycle is set by activat- 
ing CAS before RAS. In this cycle, refresh address 
need not to be input through external circuits because it 
is input through an internal refresh counter. In this cy- 
cle, output is in hig h im pedance and power dissipation 
is lowered because CAS circuits don't operate. 

(3) Hidden Refresh Cycle: Hidden refresh cycle exe cutes 
CBR refresh with the d ata output by reactivating RAS 
when DT/OE and CAS keep low in normal RAM read 
cycles. 

SAM Refresh 

SAM parts (data register, shift register and selector), or- 
ganized as fully static circuitry, require no refresh. 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Rating 


Unit 


Note 


Terminal Voltage 


v T 


-1.0 to +7.0 


V 


1 


Power Supply Voltage 


v C c 


-0.5 to +7.0 


V 


1 


Power Dissipation 


P T 


1.0 


w 




Operating Temperature 


*opr 


to + 70 


°c 




Storage Temperature 


T stg 


- 55 to + 125 


°c 





Note: 1. Relative to V ss . 

■ ELECTRICAL CHARACTERISTICS 



• Recommended DC Operating Conditions (Ta = to +70°C) 








Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


Vil 


-0.5 


— 


0.8 


V 


1,2 



Notes: 1. All voltages referenced to Vss- 
2. - 3.0V for pulse width < 10 ns. 



• DC Electrical Characteristics (T A = to + 70°C, 


vcc = 5V±10%,V SS 


= 0V) 






Parameter 


Symbol 


HM534251A-8 


HM534251A-10 


Unit 


Test Conditions 


Min 


Max 


Min 


Max 


RAM Port 


SAM Port 




!CC1 


— 


65 


— 


50 


mA 


RAS, CAS 
Cycling 
tRC = Min 


SC = V IL ,SE = V IH 


Operating Current 


ICC7 


- 


115 


- 


100 


mA 


SE = V IL , SC Cycling 
tscc = Min 




ICC2 


— 


7 


— 


7 


mA 


RAS, CAS 

= Vffl 


SC = V IL ,SE = V IH 


Standby Current 


!CC8 


- 


50 


- 


50 


mA 


SE = Vil, SC Cycling 
tscc = Min 
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HM534251A Series 



• DC Electrical Characteristics (T A = to + 70°C, V C c = 5V ±10%, V S s 


, = 0V) (continued) 




Parameter 


Symbol 


HM534251A-8 


HM534251A-10 


Unit 


Test Conditions 


Min 


Max 


Min 


Max 


RAM Port 


SAM Port 


RAS Only 
Refresh Current 


!CC3 


— 


65 


— 


50 


mA 


RAS Cycling 
CAS = V IH 
t RC = Min 


SC = V IL ,SE = V IH 


!CC9 


- 


115 


- 


100 


mA 


SE = V IL ,SC Cycling 
tscc = Min 




I CC4 


— 


70 


— 


65 


mA 


CAS Cycling 
RAS = V IL 
tpc = Min 


SC = V IL ,SE = V IH 


Page Mode Current 


Iccio 


- 


120 


- 


115 


mA 


SE = V IL , SC Cycling 
tscc = Min 


CAS Before RAS 

Refresh Current 


!CC5 


— 


55 


— 


40 


mA 


RAS Cycling 
t RC = Mm 


SC = V IL ,SE = V IH 


JcCll 


- 


105 


- 


90 


mA 


SE = V IL , SC Cycling 
tscc = Mm 




!CC6 


— 


75 


— 


60 


mA 


RAS, CAS 

Cycling 
t RC = Min 


SC = V IL ,SE = V IH 


Data Transfer Current 


ICC 12 


- 


125 


- 


110 


mA 


SE = V IL , SC Cycling 
tscc = Min 


Input Leakage Current 


Ili 


-10 


10 


-10 


10 


juA 




Output Leakage Current 


Ilo 


-10 


10 


-10 


10 


jaA 




Output High Voltage 


VOH 


2.4 


— 


2.4 


— 


V 


lOH = - 2 mA 


Output Low Voltage 


Vol 


— 


0.4 


— 


0.4 


V 


Iol = 4.2 mA 



Note: 1. Ice depends on output loading condition when the 
• Capacitance (T A = 25°C, V C c = 5V, f = 1 MHz, Bias: 



device is selected. Ice max * s specified at the output open condition. 
Clock, I/O = Vcc. address = V S s) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Address 


C11 


— 


— 


5 


pF 


Clock 


C12 


— 


— 


5 


pF 


I/O, SI/O, QSF 


c i/o 


— 


— 


7 


pF 



• AC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V)L 16 

Test Conditions 

Input Rise and Fall Time: 5 ns 

Output Load: See Figures 

Input Timing Reference Levels: 0.8V, 2.4V 

Output Timing Reference Levels: 0.4V, 2.4V 



Output Load (A) 
I 0H =-2mA ^ 

I L = 4.2mA 



Output Load (B) 



+5V 



1/0 



-L-lOOpF'i 



77, V7/. 




I 0H =-2mA 




I 0L =4.2mA 


SI/0 i^ 




-50pF* 



+5V 



m 





Note: *1. Including scope & jig. 
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HM534251A Series - 
Common Parameter 



Parameter 


Symbol 


HM534251A-8 


HM534251A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


150 


— 


190 


— 


ns 




RAS Precharge Time 


*RP 


60 


— 


80 


— 


ns 




• RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


20 


— 


25 


— 


ns 




Row Address Setup Time 


*ASR 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


15 


— 


ns 




Column Address Setup Time 


tASC 





— 





— 


ns 




Column Address Hold Time 


*CAH 


15 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


60 


25 


75 


ns 


2 


RAS Hold Time 
Referenced to CAS 


tRSH 


20 


- 


25 


- 


ns 




CAS Hold Time 

Referenced to RAS 


tcSH 


80 


- 


100 


- 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


ns 




Transition Time (Rise to Fall) 


t T 


3 


50 


3 


50 


ns 


3 


Refresh Period 


tREF 


— 


8 


— 


8 


ms 




DT to RAS Setup Time 


tDTS 





— 





— 


ns 




DT to RAS Hold Time 


tDTH 


10 


— 


15 


— 


ns 




Data-in to CAS Delay Time 


*DZC 





— 





— 


ns 


4 


Data-in to OE Delay Time 


tDZO 





— 





— 


ns 


4 


Output Buffer Turn-off Delay 
Referenced to CAS 


*OFFl 


- 


20 


- 


25 


ns 


5 


Output Buffer Turn-off Delay 
Referenced to OE 


tQFF2 


- 


20 


- 


25 


ns 


5 



Read Cycle (RAM), Page Mode Read Cycle 



Parameter 


Symbol 


HM534251A-8 


HM534251A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


ns 


6,7 


Access Time from CAS 


tCAC 


— 


20 


— 


25 


ns 


7,8 


Access Time from OE 


tOAC 


— 


20 


— 


25 


ns 


7 


Address Access Time 


*AA 


— 


40 


— 


45 


ns 


7,9 


Read Command Setup Time 


tRCS 





— 





— 


ns 




Read Command Hold Time 


tRCH 





— 





— 


ns 


10 


Read Command Hold Time Referenced to RAS 


tRRH 


10 


— 


10 


— 


ns 


10 


RAS to Column Address Delay Time 


tRAD 


15 


40 


20 


55 


ns 


2 


Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


ns 




Column Address to CAS Lead Time 


tCAL 


40 


— 


45 


— 


ns 




Page Mode Cycle Time 


tpc 


50 


— 


55 


— 


ns 




CAS Precharge Time 


tcp 


10 


— 


10 


— 


ns 




Access Time from CAS Precharge 


tACP 


— 


45 


— 


50 


ns 




Page Mode RAS Pulse Width 


tRASP 


80 


100000 


100 


100000 


ns 
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HM534251A Series 



Write Cycle (RAM), Page Mode Write Cycle 



Parameter 


Symbol 


HM534251A-8 


HM534251A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 


ns 


11 


Write Command Hold Time 


t\VCH 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


*WP 


15 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 


ns 


12 


Data-in Hold Time 


tDH 


15 


— 


20 


— 


ns 


12 


WE to RAS Setup Time 


tws 





— 





— 


ns 




WE to RAS Hold Time 


tWH 


10 


— 


15 


— 


ns 




Mask Data to RAS Setup Time 


tMS 





— 





— 


ns 




Mask Data to RAS Hold Time 


tMH 


10 


— 


15 


— 


ns 




OE Hold Time Referenced to WE 


tOEH 


20 


— 


25 


— 


ns 




Page Mode Cycle Time 


tpc 


50 


— 


55 


— 


ns 




CAS Precharge Time 


tCP 


10 


— 


10 


— 


ns 




CAS to Data-in Delay Time 


*CDD 


20 


— 


25 


— 


ns 


13 


Page Mode RAS Pulse Width 


tRASP 


80 


100000 


100 


100000 


ns 




Read-Modify-Write Cycle 


Parameter 


Symbol 


HM534251A-8 


HM534251A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


200 


— 


250 


— 


ns 




RAS Pulse Width 
(Read-Modify-Write Cycle) 


tRWS 


130 


10000 


160 


10000 


ns 




CAS to WE Delay Time 


tCWD 


45 


— 


55 


— 


ns 


14 


Column Address to WE Delay Time 


*AWD 


65 


— 


75 


— 


ns 


14 


OE to Data-in Delay Time 


tODD 


20 


— 


25 


— 


ns 


12 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


ns 


6,7 


Access Time from CAS 


*CAC 


— 


20 


— 


25 


ns 


7,8 


Access Time from OE 


tOAC 


— 


20 


— 


25 


ns 


7 


Address Access Time 


*AA 


— 


40 


— 


45 


ns 


7,9 


RAS to Column Address Delay Time 


tRAD 


15 


40 


20 


55 


ns 




Read Command Setup Time 


tRCS 





— 





— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


*WP 


15 


— 


20 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 


ns 


12 


Data-in Hold Time 


tDH 


15 


— 


20 


— 


ns 


12 


OE Hold Time Referenced to WE 


tOEH 


20 


— 


25 


— 


ns 




Refresh Cycle 


Parameter 




HM534251A-8 


HM534251A-10 


Unit 


Note 




Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh) 


tcSR 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh) 


tCHR 


15 


- 


20 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


ns 
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HM534251A Series 



Read Transfer Cycle 



Parameter 


Symbol 


HM534251A-8 


HM534251A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


DT Hold Time Referenced to RAS 


tRDH 


70 


10000 


90 


10000 


ns 




DT Hold Time Referenced to CAS 


*CDH 


20 


— 


25 


— 


ns 




DT Hold Time Referenced to Column Address 


*ADH 


30 


— 


35 


— 


ns 




DT Precharge Time 


*DTP 


40 


— 


45 


— 


ns 




DT to RAS Delay Time 


tDRD 


70 


— 


90 


— 


ns 




SC to RAS Setup Time 


*SRS 


30 


— 


30 


— 


ns 




1'stSC to RAS Hold Time 


tSRH 


85 


— 


105 


— 


ns 




1'stSC to CAS Hold Time 


tsCH 


30 


— 


35 


— 


ns 




l'st SC to Column Address Hold Time 


tSAH 


50 


— 


55 


— 


ns 




Last SC to DT Delay Time 


tSDD 


5 


— 


5 


— 


ns 




l'st SC to DT Hold Time 


*SDH 


15 


— 


15 


— 


ns 




Serial Data-in to l'st SC Delay Time 


tszs 





— 





— 


ns 




Serial Clock Cycle Time 


tscc 


30 


— 


30 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


ns 




SC Precharge Time 


tscp 


10 


— 


10 


— 


ns 




SC Access Time 


tsCA 


— 


25 


— 


25 


ns 


15 


Serial Data-out Hold Time 


tsOH 


5 


— 


5 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 


ns 




Serial Data-in Hold Time 


tSIH 


15 


— 


20 


— 


ns 




RAS to Column Address Delay Time 


*RAD 


15 


40 


20 


55 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


ns 




DTHigh Hold Time to 
RAS Precharge Time 


tDTHH 


25 


- 


30 


- 


ns 





Pseudo Transfer Cycle, Write Transfer Cycle 



Parameter 


Symbol 


HM534251A-8 


HM534251A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


SE Setup Time Referenced to RAS 


*ES 














ns 




SE Hold Time Referenced to RAS 


tEH 


10 


— 


15 


— 


ns 




SC Setup Time Referenced to RAS 


tSRS 


30 


— 


30 


— 


ns 




RAS to SC Delay Time 


tSRD 


25 


— 


25 


— 


ns 




Serial Output Buffer Turn-off 
Time Referenced to RAS 


*SRZ 


10 


45 


10 


50 


ns 




RAS to Serial Data-in Delay Time 


*SID 


45 


— 


50 


— 


ns 




Serial Clock Cycle Time 


tscc 


30 


— 


30 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


ns 




SC Precharge Time 


tscp 


10 


— 


10 


— 


ns 




SC Access Time 


tSCA 


— 


25 


— 


25 


ns 


15 


SE Access Time 


tSEA 


— 


25 


— 


25 


ns 


15 


Serial Data-out Hold Time 


tsOH 


5 


— 


5 


— 


ns 




Serial Write Enable Setup Time 


tsws 


5 


— 


5 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 


ns 




Serial Data-in Hold Time 


tSIH 


15 


— 


20 


— 


ns 
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HM534251A Series 



Serial Read Cycle, Serial Write Cycle 



Parameter 


Symbol 


HM534251A-8 


HM534251A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Serial Clock Cycle Time 


tscc 


30 


— 


30 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


ns 




Access Time from SC 


tSCA 


— 


25 


— 


25 


ns 


15 


Access Time from SE 


tSEA 


— 


25 


— 


25 


ns 


15 


Serial Data-out Hold Time 


tsOH 


5 


— 


5 


— 


ns 




Serial Output Buffer Turn-off 
Time Referenced to SE 


*SEZ 


- 


20 


- 


25 


ns 


5 


Serial Data-in Setup Time 


tsis 





— 





— 


ns 




Serial Data-in Hold Time 


tsiH 


15 


— 


20 


— 


ns 




Serial Write Enable Setup Time 


tsws 


5 


— 


5 


— 


ns 




Serial Write Enable Hold Time 


tsWH 


15 


— 


20 


— 


ns 




Serial Write Disable Setup Time 


tswis 


5 


— 


5 


— 


ns 




Serial Write Disable Hold Time 


tSWIH 


15 


— 


20 


- 


ns 





Notes: 1. 
2. 
3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 

12. 
13. 

14. 



AC measurements assume tj = 5 ns. 

When tRCD > tRCD (max) and tRAD > tRAD (max), access time is specified by tcAC or *AA- 

Vjh (min) and Vjl (max) are reference levels for measuring timing of input singals. Transition time tj is measured between 

V IH and V IL . 

Data input must be floating before output buffer is turned on. In read cycle, read-modify-write cycle and delayed write 

cycle, either tozc (min) or tozo (min) must be satisfied. 

toFFl (max), toFF2 (max) and tgEZ (max) are defined as the time at which the output achieves the open circuit condition 

(Voh - 200 mV, Vql + 200 mV). 

Assume that tRCD ^ tRCD (max) and tRAD - tRAD (max). If tRCD or tRAD * s greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 

Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

When tRCD ^ tRCD (max) and tRAD ^ tRAD (max), access time is specified by tcAC- 

When tRCD ^ tRCD (max) and tRAD ^ tRAD (max), access time is specified by tAA- 

If either tRCH or tRRH is satisfied, operation is guaranteed. 

When twcs - twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 

condition. 

These parameters are specified by the later falling edge of CAS or WE. 

Either tcDD (min) or tQDD (min) must be satisfied because output buffer must be turned off by CAS or OE prior to 

applying data to the device when output buffer is on. 

When tAWD ^ tAWD (min) and tcwD - tcWD (min) in read-modify-write cycle, the data of the selected address outputs 

to an I/O pin and input data is written into the selected address. toDD (min) must be satisfied because output buffer must 

be turned off by OE prior to applying data to the device. 

Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

After power-up, pause for 100 jas or more and execute at least 8 initialization cycle (normal memory cycle or refresh cycle), 

then start operation. 
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HM534251A Series 



■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS 



Address 



WE 



I/O 
(Output)" 

I/O 
(Input) 



DT/OE 



tQTS-> 



4— tDTH 



-tozc- 



4-tDZO-> 
► 



4-tQAC-^ 




Valid Dout 



4 H 

tQFF2 



: Don't care 



• Early Write Cycle 



RAS 

CAS" 

Address 

W 



I/O 
(Output)" 

I/O 
(Input) 



tASR 



-tRAS~ 



-tRC" 



r 



-tRCD ► 



4-tRAH-> 



Row 



<-tws+ 



«-t W H-> 



n 



+t MS + 



K-t A sc-> 



-tCSH- 



-tRSH- 



-tCAS- 



-tRp- 



4 tcRp- 



/ 



Column 



<-twcs-* 



4-tMH-> 



Mask Data 

tDTS \ 4 >\ k^OTM-* 



DT/OE 



|4-tDS->l 4tDH> 



tCAH 




High-Z 




: Don't care 



Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM534251A Series 



• Delayed Write Cycle 



RAS 



CAS 



Address 



WE jj 

I/O 
(Output)" 

(Input) 8 



tASR k 



-tRAS- 



-tRC- 



P 



-tRCD" 



4-tRAH-> 



Row 



«-t W S+ 



+t A SC-+ 



Column 



-tRp- 



4-tWH-> 



n 




<t MS + <-t MH -» H-t DZ c-f 



Mask Data 



» 



^tDTH^ 



DT/OE 



«-t()FF2- 
' -tODO ► 



«t D S+ 



4-tQH-f 



Valid Din 



K-toEH-H 




: Don't care 



Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
• Read-Modify-Write Cycle 



RAS 

CAS" 



Address 



WE 



I/O 

(Output 

I/O 
(Input) 



DT/OE 




: Don't care 



Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM534251A Series 



• Page Mode Read Cycle 



RAS 



CAS 



-tRASP" 



-tRC- 



-tCSH- 



4-tRCD ► 



4-tCAS- 



Address 



WE 



I/O 
(Output) 



I/O 
(Input) 



DT/OE 



4 — tpc- 



^-tCAS— ► 4— tCP— > 



4-tRSH 

< t C AS- 



-tRp- 




t care 



Page Mode Write Cycle (Early Write) 




Don't care 

0083-12 



Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM534251A Series 



• Page Mode Write Cycle (Delayed Write) 




: Don't care 



Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
• RAS Only Refresh Cycle 



RAS 



CAS 



Address 



I/O 
(Output 



I/O 
(Input) 



DT/OE 




: Don't care 
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HM534251A Series 

• CAS Before RAS Refresh Cycle 



RAS 
CAS" 



-tRR- 



/]«-tRPC 

ktcp* 



J 



tCSR- 



-tRAS- 



-tRC- 



« t C HR- 



-tRp- 



tRPC 



L<— U 



^Inhibit Falling Transition 5 



M-t CS R~>| 




(Output)i 



: Don't care 



Hidden Refresh Cycle 




Don't care 
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HM534251A Series 



• Read Transfer Cycle (1) 



RAS 



CAS 



Address 



WE 

I/O 
(Output)" 



DT/OE 



SC 



SI/O 



-tRAS" 



-tRC" 



-tRCD" 



tDTS 

« — H 



-tcSH- 



-tCAS- 



-tRSH- 



F 




High-Z 



-tRp- 



-tCRP- 



-tRDH- 



-tADH- 



-tCDH- 



r^ 



-tscc- 



-tscp-+ 



!4tS0H> 



(Output) Valld 5out t 



-tsCA-> 



-*scc- 



-tOTP- 



"tDTHH 



-tORD- 



4-tsoo— ►|K t SOH-> 



4tS0H> 



ValidSout 



-tsCA-^ 



-tscc 



4 

4tsOH> 



ValidSout 



-tSCA-* 



-tscc- 



"V 



4— 

4tSOH> 



-tSCA-+ 



Previous Row — H 



SI/0 
(Input) 



v 



4tS0H> 



ValidSout 



\i — New Row 



: Don't care 
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HM534251A Series 



Read Transfer Cycle (2) 



RAS 



LAS 



Address 



WE 

I/O 
(Output) 

dT/oF 



sc 



-tRAS- 



-tRc- 



-tRCD- 



tASR 



s tRAD* 

tRAH 



Row 



tws 

H H 



^DTS 



SI/0 

(Output) tsis 



SI/0 
(Input) 



tSRS w 

< tsc- 



tASC 

H H 



MOOoi < SAM Start -. 
f^y t Address ff 



tWH 



-tCSH- 



-tCAS- 



-tRSH- 



tCAH 
< ► 



-tRAL- 



High-Z 



-tRp- 



-tCRP- 



+► 



-tRDH- 



-tADH" 



-tCDH- 



J 



•tDTP- 



tOTHH 



-tDRD- 



4— tSDH ► 

<-t S CP» 



? j? fr I !?.i t ft J s j .r? sl Ir 3 ps j j l?p £ 



-tscc- 



^-tsc-yi- 



4-tSCP* 



4-tSCA-> 




tSOH 



tSCA 
4 ► 



: Don't care 
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HM534251A Series 



• Pseudo Transfer Cycle 



Address 




SI/0 
(Input 



: Don't care 
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HM534251A Series 



• Write Transfer Cycle 



RAS 



CAS 



Address 



WE 



I/O 
(Output)" 



DT/OE 



SE 



SC 



\ 



tASR 



Row 




-tRAS" 



-tRC- 



-tRCD- 



tRAH 



tDTS 

4 H 



tsws 



tSRS 



/ 



SI/O 

(Output) tsis 

$1/0 

(Input) 



4— w 
4-tsc- 



tDTH 

4 M 



-tCSH- 



-tCAS- 



~tRSH- 



tWH 



High-Z 



tEH 



>iK 



-tRR- 



-tCRP- 




4tsws-> 



ftP.h. j.bi.'t. .R i si ng Tr an si t i on j 



tSRO 

4-tscp-* 



Ktsc-mttscp-fr 



< — t 5C 




Don't care 
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HM534251A Series 



• Serial Read Cycle 



SE 



SC 



SI/0 
(Output) 




; Don't care 



• Serial Write Cycle 



tSWH tswiS *SWIH 

H H N — HH H 



tsws 



SE 



SC 



SI/0 
(Input) 




Don't care 
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HM534252 Series 

262,144-Word x 4-Bit Multiport CMOS Video RAM 

■ DESCRIPTION 

The HM534252 is a 1 -Mbit multiport video RAM equipped 
with a 256k-word x 4-bit dynamic RAM and a 512-word x 
4-bit SAM (serial access memory). 

Its RAM and SAM operate independently and asynchro- 
nously. It can transfer data between RAM and SAM and has 
a write mask function. 

It also provides logic operation mode to simplify its opera- 
tion. In this mode, logic operation between memory data and 
input data can be executed by using internal logic-arithmetic 
unit. 

■ FEATURES 

• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM 
and SAM Capability 

RAM 256k-word x 4-bit 

SAM 512-word x 4-bit 

• Access Time 

RAM 100 ns/100 ns/120 ns/150 ns (max) 

SAM 30 ns/40 ns/40 ns/50 ns (max) 

• Cycle Time 

RAM 190 ns/ 190 ns/220 ns/260 ns (max) 

SAM 30 ns/40 ns/40 ns/60 ns (max) 

• Low Power 

Active 

RAM 385 mW (max) 

SAM 358 mW (max) 

Standby 40 mW (max) 

• High-speed Page Mode Capability 

• Logic Operation Mode Capability 

• 2 Types of Mask Write Mode Capability 

• Bidirectional Data Transfer Cycle between RAM and SAM 
Capability 

• Rea| Time Read Transfer Capability 

• 3 V ariatio ns of Refresh (8 ms/512 Cycles) 

RAS Only Refresh 

CAS Before RAS Refresh 

Hidden Refresh 

• TTL Compatible 

■ PIN DESCRIPTION 



Pin Name 


Function 


A -A 8 


Address Inputs 


I/O -I/O 3 


RAM Port Data Inputs/Outputs 


SI/O0-SI/O3 


SAM Port Data Inputs/Outputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Write Enable 


DT/OE 


Data Transfer/Output Enable 


SC 


Serial Clock 


SE 


SAM Port Enable 


v C c 


Power Supply 


v S s 


Ground 


NC 


No Connection 




PIN OUT 



HM534252JP Series 



SCrf 
SI/OOi 2 
_SI/OI ( 
OT/OEc 
l/OOi 5 
l/Oli 6 
WEi 7 
NCl 8 
RASl 



A5i 12 
A4i 13 



27 I SI/03 
26) SI/02 
25 iSE 
2« >l/03 
23 1 1/02 
22»NC 
21 »C7S 
20 INC 
19 MO 
18 >A1 
"»A2 
16IA3 
15U7 



(Top View) 



HM534252ZP Series 



1/02 

SE 

SI/03 6 

SC 8 

SI/01 10 

I/O0 12 
WE 14 

fiA§ 16 
A6 18 
A4 20 
A7 22 
A2 24 
A0 26 

5A5 28 



1 NC 
31/03 
S SI/02 
7V„ 
9 SI/O0 

11 DT/OE 

13 1/01 

1SNC 

17 A8 

19 AS 

21 Vec 

23 A3 

25 Al 

27 NC 



(Bottom View) 



ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HM534252JP-10 


100 ns 


400 mil 


HM534252JP-11 


100 ns 


28-pin 


HM534252JP-12 


120 ns 


Plastic SO J 


HM534252JP-15 


150 ns 


(CP-28D) 


HM534252ZP-10 


100 ns 


400 mil 


HM534252ZP-11 


100 ns 


28-pin 


HM534252ZP-12 


120 ns 


Plastic ZIP 


HM534252ZP-15 


150 ns 


(ZP-28) 
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BLOCK DIAGRAM 



RAM 



SAM 



| DT/OE 



511 



I/O 



:$*=} 



±£ 



Dout 
Din 



Memory 
Array 



Row 



511 



Pointer 



511 



oT> 



DFrom 
Column Address 
(SAM Start Address) 



Mask 
Register 



- rsn 



■ PIN FUNCTION 

RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address a nd sig nals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of those signals determine the operation of the 
HM534252. 



• Table 1. Operation Cycles of the HM534252 


Input Level at the 
Falling Edge of RAS 


Operation Cycle 


CAS 


DT/OE 


WE 


SE 




H 


H 


H 


X 


RAM Read/Write 


H 


H 


L 


X 


Mask Write 


H 


L 


H 


X 


Read Transfer 


H 


L 


L 


H 


Pseudo Transfer 


H 


L 


L 


L 


Write Transfer 


L 


X 


H 


X 


CBR Refresh 


L 


X 


L 


X 


Logic Operation Set/Reset 



Note: X; Don't care. 

CAS (input pin): Colum n address is put into chip at the fall- 
ing edge of CAS. CAS controls output impedance of I/O in 
RAM. 

Ao-As (input pins): Row a ddres s is determined by Aq-A 8 
level at the falling edge of RAS. Column a ddres s is deter- 
mined by Aq-Ab level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 

W E (inp ut pin): WE pin has two functions at the falling edge 
of R AS and after. When WE is low at the falling edge of 
RAS, the HM534252 turns to mask write mode. According to 
the I/O level at the time, write on eac h I/O can be masked. 
(WE level at the falling edge of RAS is don't care in read 



cycle.) When WE is high at the falling e dge of RAS, a nor- 
mal write cycle is executed. After that, WE switches read/ 
write cycles as in a standard DRAM. In_a transfer cycle, the 
direction of tra nsfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred from 
SAM to RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is read 
from RAM). 

I/O0-I/O3 (input/output pi ns): I/O pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only on high I/O pins. Data on low I/O pins are 
masked and internal data are retained. After that, they func- 
tion as input/output pins as those of a standard DRAM. 

DT/OE (input pin): DT/OE pin func tions as DT (data trans- 
fer) pin at the falling edge_of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle beco mes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 

SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data outputs from an Sl/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an Sl/O 
pin at the rising edge of SC is put into the SAM data regis- 
ter. 

SE (input pin): SE pin activates SAM. When SE is high, Sl/O 
is in the high impedance state in serial read cycle and data 
on Sl/O is not put into the SAM data register in a serial 
write cycle. SE can be used as a mask for serial write be- 
cause internal pointer is incremented at the rising edge of 
SC. 

SI/O0-SI/O3 (input/output pins): Sl/Os are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
Sl/O outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, Sl/O inputs data. 
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■ OPERATION OF HM534252 

• Operation of RAM Port 

RAM R ead Cycle (DT/OE high, CAS high, at the falling 
edge of RAS) 

Row address is en tered at the RAS falling edge and col- 
umn address at the CAS falling edge to the device as in 
stand ard D RAM. Then when WE is high and DT/OE is low 
while CAS is low, the selected address data output s thro ugh 
I/O pin. At the falling edge of RAS, DT/OE and CAS be- 
come high to distinguish RAM read cycle from transfer cycle 
and CBR refresh cycle. Address access time (tAA) and RAS 
to column address delay time (tRAD) specifications are add- 
ed to enable high-speed page mode. 

RAM Write CycleJEarly Write, Delayed Write, Read- 
Modify-Write) (DT/OE high, CAS high at the falling edge of 
RAS) 

• Norm al Mode Write Cycle (WE high at the falling edge of 
RAS) 

When CAS and WE are set low after RAS is set low, a 
write cycle is executed and I/O data is written at the select- 
ed addresses. When all 4 l/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and I/O becomes high imped- 
ance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling 
edge. I/O does not become high impedance in this cycle, so 
data should be entered with OE in high. 

tf WE is set low after tcwD ( min ) a nd Uwd ( min ) a fter tne 

CAS falling edge, this cycle becomes a read-modify-write cy- 
cle and enables write after read to execute in the same ad- 
dress cycle. In this cycle also, to avoid I/O contention, data 
should be input after reading data and setting OE high. 

• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode cycle which writes only to select- 
ed I/O. Whether or not an I/O is writ ten d epends on I/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high I/O pins and masked in low ones and inter- 
nal d ata is preserved. This mask data is effective during the 
RAS cycle, So, in high-speed page mode cycle, the mask 
data is preserved during the page access. 

High-Speed Page Mode Cycle (DT/OE high, CAS high at 
the falling edge of RAS) 

High-speed page mode cycle reads/writes the data o f the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle and is higher than the standard page mode cycle by 
70-80%. This product is based o n sta tic column mode, 
therefore address access time (tAA). R AS to colum n address 
delay time (tRAD). ana " acce ss time from CAS precharge 
(tACP) are added. In one RAS cycle, 512-word memory cells 
of the same row address can be accessed. It is necessary 
to specify access frequency within tRAs rnax (10 /xs). 



Transfer Operation 

The HM534252 provides the transfer cycle, pseudo trans- 
fer cycle, and write transfer cycle as data transfer cycles. 
These transfer cycl es are set by driving DT/OE low at the 
falling edge of RAS. 

They have following functions: 

(1) Transfer data between row address and SAM data regis- 
ter (except for pseudo transfer cycle) 

(2) Determine direction of data transfer 

(a) Read transfer cycle: RAM — ► SAM 

(b) Write transfer cycle: RAM <— SAM 

(3) Determine input or output of SAM I/O pin (Sl/O) 
Read transfer cycle: Sl/O output 

Pseudo transfer cycle, 
write transfer cycle: Sl/O input 

(4) Determine first SAM address to access (SAM start ad- 
dress) after transferring at column address. When SAM 
start address is not changed, neither CAS nor address 
need to be set because SAM start address can be 
latched internally. 

Read Transfer Cycle (CAS high, DT/OE low, WE high at 
the falling edge of RAS) 

This cycle becomes read transfer cycl e by d riving DT/OE 
low and WE high at the falling edge of RAS. The row ad- 
dress data (512 x 4-bit) determined by this cycle is trans- 
ferred synchronously at the rising edge of DT/OE. After the 
rising edge of DT/OE, the new address data outputs from 
SAM start address determined by column address. 

This cycle can access SAM serially even during transfer 
(real time read transfer). In this case, the timing tsoD ( m ' n ) is 
specified between the last SAM access before transfer and 
DT/OE rising edge, and tsoH ( min ) between the first SAM 
access and DT/OE rising edge (see figure 1). 

If read transfer cycle is executed, Sl/O becomes output 
state. When the previous transfer cycle is either pseudo 
transfer cycle or write transfer cycle and Sl/O is in input 
state, uncertain data outputs after tR|_z (min) after the RAS 
falling edge. Before that, input should be set high imped- 
ance to avoid data contention. 

Pseudo Transfer Cycle (CAS high, DT/OE low, WE low, 
and SE high at the falling edge of RAS) 

Pseudo transfer cycle is available for switching Sl/O from 
output state to input state becau se data in RA M isn't rewrit- 
ten. This cycle starts when CAS is high DT/OE low, WE low, 
and SE high, at the falling edge of RAS. The output buffer in 
Sl/O becomes high impedance within tsRz (max) from the 
RAS falling edge. Data should be input to Sl/O later than 
tsiD ( min ) to avoid data cont entio n. SAM access becomes 
enabled after tsRD (min) after RAS b ecom es high. In this cy- 
cle, SAM access is inhibited during RAS low, therefore, SC 
should not be raised. 
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Figure 1. Real Time Read Transfer 



Write Transfer Cycle (CAS high, DT/OE low, WE low, and 
SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred in to RA M is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address to serial write after terminating this cycle. Also in 
this c ycle, SAM access becomes enabled after tsRD (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC should not be raised. 

• SAM Port Operation 

Serial Read Cycle 

SAM port is in read mode when the previous data trans- 
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from Sl/O. If SE is set 
high Sl/O becomes high impedance and internal pointer is 
incremented at the SC rising edge. 

Serial Write Cycle 

If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, Sl/O data is programmed into data register at the SC 
rising edge like in the serial read cycle. If SE is high, Sl/O 
data isn't input into data register. Internal pointer is incre- 
mented according to the SC rising edge, so SE high can 
mask data for SAM. 



• Refresh 
RAM Refresh 

RAM, which is composed of dynamic circuits, requires re- 
fresh to retain data. Refresh is performed by accessing all 
512 row addr esses every 8 ms. Th ere ar e three refre sh cy- 
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses ev- 
er y 8 m s. 

RAS Only Refresh Cyc le: R AS only re fresh cycle is per- 
formed by activating only RAS cycle with CAS fixed to high 
by inputting the row address (= refresh address) from exter- 
nal circuits. In this cycle, output is high-impedance and pow- 
er dissip ation is less than that of normal read/write cycles 
because CAS internal circuits don't operate. To distinguish 
this cycle from data transfer cycle, DT/OE should be high at 
the falling edge of RAS. 

CBR Refresh Cyc le: CBR refresh cycle is set by activat- 
ing CAS before RAS. In this cycle, refresh address does not 
need to be input through external circuits because it is input 
through an internal refresh counter. In this cycle, output is in 
high impedance and power dis sipati on is lowered like in 
RAS only refresh cycles because CAS circuits don't operate. 
To distinguish this cycle from logic opera tion s et/ reset cycle, 
WE should be high at the falling edge of RAS. 
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Hidden Refresh Cycle: Hidden refresh cycle performs re- 
fresh by reactivating RAS when DT/OE and CAS keep low 
in normal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift register, selector), orga- 
nized as fully static circuitry, don't require refresh. 

Logic Operation Mode 

The HM534252 supports logic operation capability on 
RAM port. It performs logic operations between the memory 
cell data and input data in logic operation mode cycle, and 
writes the result into the memory cell (read modify write). 
This function realizes high speed raster operations and sim- 
plifies peripheral circuits for raster operations. 

Logic Operation Set /Reset Cycle (CAS and WE Low at 
the falling edge of RAS) 

In logic operation set/ reset cycle, the following operations 
are performed at the same time; (1) Selection of logic opera- 
tions and logi c ope ration mode set/reset, (2) Mask data pro- 
gramming, (3) CAS before RAS refresh. 

Figure 2 shows the timin g for logic operation set/ reset cy- 
cle. This cycl e sta rts when CAS and WE are low at the fall- 
ing edge of RAS. In this cycle, logic operation codes and 
mask data are prog ramm ed by row address and I/O pin at 
the falling edge of RAS respectively. When write cycle is 
performed after this cycle, the logic operation write cycle 



starts. In the logic operation mode, the specification of cycle 
time is longer than that of normal mode because read-modi- 
fy-write cycle is performed internally. In this cycle, logic op- 
eration codes and mask data programmed are available until 
reprogrammed. In normal mode, mask data is available only 
for one RAS cycle. Here, the mask data programmed in nor- 
mal mode is named as "temporary mask data" and the one 
programmed in logic operation set/reset cycle is named as 
"mask data". 

(1) Selection of logic operations and logic operation mode 
set/ reset 

Table 2 shows the logic operations. One operation is se- 
lected among sixteen ones by combinations of A0-A3 levels 
at the falling edge of RAS. (A4-A8 are Don't care.) Logic 
operation codes (A3, A2, A1, AO) = (0, 1, 0, 1) resets the 
logic operation mode. When write cycle is performed after 
than, normal write cycle starts. However, even in this case, 
mask data is st ill ava ilable. I/O should be at high level at the 
falling edge of RAS in logic operation set/reset cycle when 
mask data is not used. 

(2) Mask data programming 

High/low level of I/O at the falling edge of RAS functions 
as mask data. When I/O is high, the data is written in write 
cycle. When I/O is low, the input data is masked and the 
same memory cell data remains. Mask data, programmed in 
this cycle, is available until reprogrammed. It is advanta- 
geous when the same mask data continues. 





\ 








RAS 




\ 


r~ 




L 






CAS 


\ 


i 




A0-A3 


X 


Logic Code 


I 














WE 


\ 


L 

I 


i 




I/00-I/03 


I 


Mask Data 


1 




0112-5 











Figure 2. Logic Operation Set/Reset 
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• Table 2. 


Logic Code 










Logic Code 


Symbol 


Write Data 


Note 


A3 


A2 


Al 


AO 














Zero 
















1 


AND1 


Di»Mi 










1 





AND2 


Di«Mi 


Logic Operation Mode Set 








1 


1 


— 


Mi 







1 








AND3 


Di«Mi 







1 





1 


THROUGH 


Di 


Logic Operation Mode Reset 





1 


1 





EOR 


Di • Mi + Di • Mi 







1 


1 


1 


OR1 


Di«Mi 















NOR 


Di«Mi 












1 


ENOR 


Di • Mi + Di • Mi 









1 





INV1 


Di 


Logic Operation Mode Set 







1 


1 


OR2 


Di + Mi 




1 








INV2 


Ml 






1 





1 


OR3 


Di + Mi 






1 


1 





NAND 


Di + Mi 






1 


1 


1 


One 


1 





Notes: Di; External data-in 

Mi; The data of the memory cell 







Logic operation 
set/reset cycle 


Write cycle 


Write cycle 


Write cycle 


Write cycle 


RS5 
CIS 

wr 

1/00 

1/01 
t/02 

1/03 


~~ > 


* r 


^ r 


v r 


v r 


^J~ 






,-W 






*■ / 


4 / 


A / 


^_r 






a r 


a 


4 


.-/ 


A / 






"(TWnte 






A 


Masked / 


"1 "Write 


\ "0"Wnte 








A 


Masked 
Masked / 


"1 "Write 
\ "(TWnte 


Masked 
Masked 


Masked 




"L" 


__/ Masked 








Masked 


"(TWnte 






"H" 


"1 "Write \__ 


__/ "1 "Write 










Logic 


— 


AND1 


THROUGH 


AND1 


AN01 


Remarks 


Mask data is set 
l/OI. 2: Masked 
Assume that the 
logic is set to 
"AND1" 




Temporary mask 

data is set, and 

valid only in this 

cycle. 

I/OO, 3: Masked 






0112-6 




Figure 3. 2 Types of Mask Write Function and Logic Operation Function 
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Also, temporary m ask d ata is programmed by falling WE 
at the falling edge of RAS in logic operation mode cycle af- 
ter mask data is programmed in logic operation set/reset cy- 
cle. In this case, temporary mask data is available only for 
one cycle. 

Logic operation is reset during temporary mask write cy- 
cle. It means that external input data is written into I/O 
when temporary mask data is set. Figure 4 shows write 
mask and logic operations. These functions are useful when 
RAM port is divided into frame buffer area and data area, as 
they save the need to reprogram logic operation codes and 
mask data. 



Write Cycle in Logic Operation Mode (Early Write, 
Delayed Write, Page Mode) 

Write cycle after logic operation set cycle is logic opera- 
tion mode cycle. In this cycle, the following read-modify-write 
operation is performed internally. 

(1) Reading memory data in given address into internal bus. 

(2) Performing operation between input data and memory 
data. 

(3) Writing the result of (2) into address given by (1). 

























Execute logic operation set/reset cycle 














t 














-\ 






Read 1-word source data 






Read 1-word source data 






\f 














Read 1-word destination data 










> 


L 






Execute logic operation between source data 
and destination data 






\ 


f 






\f 






Write theresultof operation into the destination 
address 






Write read data into the destination address 


























(a) Non 


nal Mode 




(b) Logic Operation Mode 

c 


112-7 



Figure 4. Sequence of Raster Operation 



Figure 4 shows sequence of raster operation. Raster op- 
eration which needs 3 cycles (destination read, operation, 
destination write) in normal mode can be executed in one 

■ ABSOLUTE MAXIMUM RATINGS 



write cycle of logic operation mode. It makes raster opera- 
tion faster and simplifies peripheral hardware for raster oper- 
ation. 



Parameter 


Symbol 


Value 


Unit 


Note 


Terminal Voltage 


V T 


-1.0 to +7.0 


V 


1 


Power Supply Voltage 


v C c 


- 0.5 to + 7.0 


V 


1 


Power Dissipation 


P T 


1.0 


w 




Operating Temperature 


Topr 


Oto +70 


°c 




Storage Temperature 


T stg 


- 55 to + 125 


°c 





Note: 1. Relative to Vgs- 

■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions 0a 



Oto +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


Vil 


-0.5 


— 


0.8 


V 


1,2 



Notes: 1. All voltages referenced to V§s- 
2. - 3.0V for pulse width < 10 ns. 



#i 
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• DC Characteristics (T A = 


to 70°C, V C c 


= 5V ±10%, V S s = 0V) 












Parameter 


Symbol 


HM534252-10 


HM534252-11 


HM534252-12 


HM534252-15 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


RAM Port 


SAM Port 


Operating 
Current 


icci 


— 


70 


— 


70 


— 


60 


— 


55 


mA 


RAS, 


SC = Vi L ,SE = Vih 




!CC7 


- 


120 


- 


120 


- 


100 


- 


85 


mA 


CAS Cycling 
tRC - Min 


SE = Vi L ,SC Cycling 
tSCC = Min 


1,2 


Standby 
Current 


ICC2 


— 


7 


— 


7 


— 


7 


— 


7 


mA 


RAS, 

CAS = V IH 


SC = V IL ,SE = V IH 




!CC8 


- 


65 


- 


55 


- 


55 


- 


40 


mA 


SE = V IL , SC Cycling 
tSCC = Min 


1 


RAS Only 


J CC3 


— 


70 


— 


70 


— 


60 


— 


55 


mA 


RAS Cycling 


SC = V IL ,SE = V IH 




Refresh 
Current 


!CC9 


- 


120 


- 


120 


- 


100 


- 


85 


mA 


CAS = V ffl 
t RC = Min 


SE = V IL , SC Cycling 
tSCC = Min 


2 


Page Mode 
Current 


J CC4 


— 


80 


— 


80 


— 


70 


— 


60 


mA 


CAS Cycling 


SC = V IL ,SE = Vih 




iccio 


- 


130 


- 


130 


- 


110 


- 


90 


mA 


RAS - V IL 
t RC = Min 


SE = V IL , SC Cycling 
tSCC = Min 


1,3 


CAS Before RAS 
Refresh Current 


!CC5 


— 


60 


— 


60 


— 


50 


— 


40 


mA 




SC = V IL ,SE = V IH 




^Cll 


- 


110 


- 


110 


- 


90 


- 


70 


mA 


RAS Cycling 
t R c = Min 


SE = V IL , SC Cycling 
tscc = Min 




Data Transfer 
Current 


!CC6 


— 


95 


— 


95 


— 


90 


— 


85 


mA 


RAS, CAS 

Cycling 
t RC = Min 


SC = Vi L ,SE = V IH 




!CC12 


— 


135 


— 


135 


— 


125 


— 


115 


mA 


SE = V IL , SC Cycling 
tscc = Min 


2 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 






Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 






Output High 
Voltage 


V H 


2.4 


- 


2.4 


- 


2.4 


- 


2.4 


- 


V 


Ioh = - 2 mA 




Output Low 
Voltage 


Vol 


- 


0.4 


- 


0.4 


- 


0.4 


- 


0.4 


V 


Iql = 4.2 mA 





Notes: 1. Ice depends 

2. Address can 

3. Address can 



on output loading condition when the device is selected. Ice max * s specified at the output open condition, 
be changed less than three times while RAS = Vjl- 
be changed once or less while CAS = Vhj. 



• Capacitance (T A = 25°C, V C c = 5V, f = 1 MHz, Bias: Clock, I/O = Vqc, Address = Vss) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Address 


Cn 


— 


— 


5 


pF 


Clock 


Cn 


— 


— 


5 


pF 


I/O, SI/O 


Q/o 


— 


— 


7 


pF 
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• AC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V)d. 11) 
Test Conditions 

Input Rise and Fall Time 5 ns 

Output Load See figures 

Input Timing Reference Levels 0.8V, 2.4V 

Output Timing Reference Levels 0.4V, 2.4V 



Output Load (A) 



Output Load (B) 



+5V 



1 01.= 4.2mA 



Iom =— 2mA 



lot=4.2mA 



I/O 



I 



■w- 



SI/0 



TOOpF* 1 



r m 



T 



<F 



777 



. 50pF" 



Note: *1. Including scope & 
Common Parameter 



Jig- 





Symbol 


HM534252-10 


HM534252-11 


HM534252-12 


HM534252-15 


Unit 


Note 




Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




Random Read or 
Write Cycle Time 


tRC 


190 


- 


190 


- 


220 


- 


260 


- 


ns 




RAS Precharge Time 


tRP 


80 


— 


80 


— 


90 


— 


100 


— 


ns 




RAS Pulse Width 


tRAS 


100 


10000 


100 


10000 


120 


10000 


150 


10000 


ns 




CAS Pulse Width 


tCAS 


30 


10000 


30 


10000 


35 


10000 


40 


10000 


ns 




Row Address Setup Time 


tASR 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




Column Address Setup Time 


Use 





— 





— 





— 





— 


ns 




Column Address Hold Time 


*CAH 


20 


— 


20 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


25 


70 


25 


70 


25 


85 


30 


110 


ns 


5,6 


RAS Hold Time 


tRSH 


30 


— 


30 


— 


35 


— 


40 


— 


ns 




CAS Hold Time 


tcSH 


100 


— 


100 


— 


120 


— 


150 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise to Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


8 


Refresh Period 


tREF 


— 


8 


— 


8 


— 


8 


— 


8 


ms 




DT to RAS Setup Time 


tDTS 





— 





— 





— 





— 


ns 




DT to RAS Hold Time 


tDTH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




Data-in to OE Delay Time 


tDZO 





— 





— 





— 





— 


ns 




Data-in to CAS Delay Time 


*DZC 





— 





— 





— 





— 


ns 
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Read Cycle (RAM), Page Mode Read Cycle 




















Parameter 


Symbol - 


HM534252-10 


HM534252-11 


HM534252-12 


HM534252-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


100 


— 


100 


— 


120 


— 


150 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


30 


— 


30 


— 


35 


— 


40 


ns 


3,5 


Access Time from OE 


tOAC 


— 


30 


— 


30 


— 


35 


— 


40 


ns 


3 


Address Access Time 


*AA 


— 


45 


— 


45 


— 


55 


— 


70 


ns 


3,6 


Output Buffer Turn-off Delay 
Referenced to CAS 


tOFFl 


- 


25 


- 


25 


- 


30 


- 


40 


ns 


7 


Output Buffer Turn-off Delay 
Referenced to OE 


tOFF2 


- 


25 


- 


25 


- 


30 


- 


40 


ns 


7 


Read Command Setup Time 


tRCS 





— 





— 





— 





— 


ns 




Read Command Hold Time 


tRCH 





— 





— 





— 





— 


ns 


12 


Read Command Hold Time 
Referenced to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


ns 


12 


RAS to Column Address 
Delay Time 


tRAD 


20 


55 


20 


55 


20 


65 


25 


80 


ns 


5,6 


Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


80 


— 


ns 




CAS Precharge Time 


tcp 


10 


— 


10 


— 


15 


— 


20 


— 


ns 




Access Time from CAS 
Precharge 


tACP 


- 


50 


- 


50 


- 


60 


- 


75 


ns 




Write Cycle (RAM), Page Mode Write Cycle 


Parameter 


Symbol 


HM534252-10 


HM534252-11 


HM534252-12 


HM534252-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 





— 


ns 


9 


Write Command Hold Time 


t\VCH 


25 


— 


25 


— 


25 


— 


30 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


15 


— 


20 


— 


25 


— 


ns 




Write Command to RAS 
Lead Time 


tRWL 


30 


- 


30 


- 


35 


- 


40 


- 


ns 




Write Command to CAS 
Lead Time 


tcWL 


30 


- 


30 


- 


35 


- 


40 


- 


ns 




Data-in Setup Time 


tDS 





— 





— 





— 





— 


ns 


10 


Data-in Hold Time 


*DH 


25 


— 


25 


— 


25 


— 


30 


— 


ns 


10 


WE to RAS Setup Time 


tws 





— 





— 





— 





— 


ns 




WE to RAS Hold Time 


*WH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




Mask Data to RAS Setup Time 


*MS 





— 





— 





— 





— 


ns 




Mask Data to RAS Hold Time 


*MH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




OE Hold Time Referenced 
to WE 


tOEH 


10 


- 


10 


- 


15 


- 


20 


- 


ns 




Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


80 


— 


ns 




CAS Precharge Time 


tcp 


10 


- 


10 


- 


15 


- 


20 


- 


ns 
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HM534252 Series 



Read-Modify-Write Cycle 



Parameter 


Symbol 


HM534252-10 


HM534252-11 


HM534252-12 


HM534252-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Read Modify Write Cycle Time 


tRWC 


255 


— 


255 


— 


295 


— 


350 


— 


ns 




RAS Pulse Width 


tRWS 


165 


10000 


165 


10000 


195 


10000 


240 


10000 


ns 




CAS to WE Delay 


tCWD 


65 


— 


65 


— 


75 


— 


90 


— 


ns 


9 


Column Address to WE Delay 


*AWD 


80 


— 


80 


— 


95 


— 


120 


— 


ns 


9 


OE to Data-in Delay Time 


*ODD 


25 


— 


25 


— 


30 


— 


40 


— 


ns 




Access Time from RAS 


tRAC 


— 


100 


— 


100 


— 


120 


— 


150 


ns 


2,3 


Access Time from CAS 


*CAC 


— 


30 


— 


30 


— 


35 


— 


40 


ns 


3,5 


Access Time from OE 


tOAC 


— 


30 


— 


30 


— 


35 


— 


40 


ns 


3 


Address Access Time 


*AA 


— 


45 


— 


45 


— 


55 


— 


70 


ns 


3,6 


RAS to Column Address Delay 


tRAD 


20 


55 


20 


55 


20 


65 


25 


80 


ns 


5,6 


Output Buffer Turn-off 
Delay Referenced to OE 


*OFF2 


- 


25 


- 


25 


- 


30 


- 


40 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 





— 


ns 




Write Command to RAS 
Lead Time 


tRWL 


30 


- 


30 


- 


35 


- 


40 


- 


ns 




Write Command to CAS 
Lead Time 


tCWL 


30 


- 


30 


- 


35 


- 


40 


- 


ns 




Write Command Pulse Width 


*WP 


15 


— 


15 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 





— 


ns 


10 


Data-in Hold Time 


*DH 


25 


— 


25 


— 


25 


— 


30 


— 


ns 


10 


WE to RAS Setup Time 


tws 





— 





— 





— 





— 


ns 




WE to RAS Hold Time 


t\VH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




Mask Data to RAS Setup Time 


*MS 





— 





— 





— 





— 


ns 




Mask Data to RAS Hold Time 


*MH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




OE Hold Time Referenced 
to WE 


tQEH 


10 


- 


10 


- 


15 


- 


20 


- 


ns 





Refresh Cycle 
























Parameter 


Symbol 


HM534252-10 


HM534252-11 


HM534252-12 


HM534252-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh) 


tCHR 


20 


- 


20 


- 


25 


- 


30 


- 


ns 




RAS Precharge to CAS 
Hold Time 


tRPC 


10 


- 


10 


- 


10 


- 


10 


- 


ns 
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Transfer Cycle 



Parameter 


Symbol 


HM534252-10 


HM534252-11 


HM534252-12 


HM534252-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


WE to RAS Setup Time 


tws 





— 





— 





— 





— 


ns 




WE to RAS Hold Time 


t\VH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




SE to RAS Setup Time 


*ES 





— 





— 





— 





— 


ns 




SE to RAS Hold Time 


*EH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




RAS to SC Delay Time 


tSRD 


25 


— 


30 


— 


30 


— 


35 


— 


ns 




SC to RAS Setup Time 


tSRS 


30 


— 


40 


— 


40 


— 


45 


— 


ns 




DT Hold Time from RAS 


tRDH 


80 


— 


90 


— 


90 


— 


110 


— 


ns 




DT Hold Time from CAS 


tCDH 


20 


— 


30 


— 


30 


— 


45 


— 


ns 




Last SC to DT Delay Time 


tSDD 


5 


— 


5 


— 


5 


— 


10 


— 


ns 




First SC to DT Hold Time 


tSDH 


20 


— 


25 


— 


25 


— 


30 


— 


ns 




DT to RAS Lead Time 


tDTL 


50 


— 


50 


— 


50 


— 


50 


— 


ns 




DT Hold Time Referenced 
to RAS High 


tDTHH 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




DT Precharge Time 


tDTP 


30 


— 


35 


— 


35 


— 


40 


— 


ns 




Serial Data Input Delay 
Time from RAS 


tsID 


50 


- 


60 


- 


60 


- 


75 


- 


ns 




Serial Data Input to 
RAS Delay Time 


tSZR 


- 


10 


- 


10 


- 


10 


- 


10 


ns 




Serial Output Buffer Turn-off 
Delay from RAS 


tSRZ 


10 


50 


10 


60 


10 


60 


10 


75 


ns 


7 


RAS to S out (Low-Z) 
Delay Time 


tRLZ 


5 


- 


10 


- 


10 


- 


10 


- 


ns 




Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


40 


— 


60 


— 


ns 




Serial Clock Cycle Time 


tSCC2 


40 


— 


40 


— 


40 


— 


60 


— 


ns 


13 


Access Time from SC 


tsCA 


— 


30 


— 


40 


— 


40 


— 


50 


ns 


4 


Serial Data-out Hold Time 


tSOH 


7 


— 


7 


— 


7 


— 


7 


— 


ns 


4 


SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 





— 





— 


ns 




Serial Data-in Hold Time 


tSIH 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Serial Read Cycle 


Parameter 


Symbol 


HM534252-10 


HM534252-11 


HM534252-12 


HM534252-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


40 


— 


60 


— 


ns 




Access Time from SC 


tsCA 


— 


30 


— 


40 


— 


40 


— 


50 


ns 


4 


Access Time from SE 


tSEA 


— 


25 


— 


30 


— 


30 


— 


40 


ns 


4 


Serial Data-out Hold Time 


tSOH 


7 


— 


7 


— 


7 


— 


7 


— 


ns 


4 


SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Serial OutputBuffer Turn-off 
Delay from SE 


tSEZ 


- 


25 


- 


25 


- 


25 


- 


30 


ns 


7 
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HM534252 Series 
Serial Write Cycle 



Parameter 


Symbol 


HM534252-10 


HM534252-11 


HM534252-12 


HM534252-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


40 


— 


60 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 





— 





— 


ns 




Serial Data-in Hold Time 


*SIH 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Serial Write Enable 
Setup Time 


tsws 





— 





- 





- 





- 


ns 




Serial Write Enable Hold Time 


tSWH 


30 


— 


35 


— 


35 


— 


50 


— 


ns 




Serial Write Disable 
Setup Time 


tswis 





- 





- 





- 





- 


ns 




Serial Write Disable 
Hold Time 


tSWIH 


30 


- 


35 


- 


35 


- 


50 


- 


ns 




Logic Operation Mode 


Parameter 


Symbol 


HM534252-10 


HM534252-11 


HM534252-12 


HM534252-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Hold Time (Logic 
Operation Set/Reset Cycle) 


*FCHR 


90 


- 


90 


- 


100 


- 


120 


- 


ns 




RAS Pulse Width in 
Write Cycle 


tRFS 


140 


10000 


140 


10000 


165 


10000 


200 


10000 


ns 




CAS Pulse Width in 
Write Cycle 


tCFS 


60 


10000 


60 


10000 


70 


10000 


80 


10000 


ns 




CAS Hold Time in Write Cycle 


tFCSH 


140 


— 


140 


— 


165 


— 


200 


— 


ns 




RAS Hold Time in Write Cycle 


tFRSH 


60 


— 


60 


— 


70 


— 


80 


— 


ns 




Write Cycle Time 


*FRC 


230 


— 


230 


— 


265 


— 


310 


— 


ns 




Page Mode Cycle Time 
(Write Cycle) 


tFPC 


85 


- 


85 


- 


100 


- 


120 


- 


ns 





Notes: 1. AC measurements assume tj = 5 ns. 

2. Assume that tRCD - tRCD (max) and tRAD - tRAD (max). If tRco or tRAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds that value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

5. When tRCD ^ tRCD (max) and tRAD ^ tRAD (max), access time is specified by tcAC- 

6. When tRCD ^ tRCD (max) and tRAD - tRAD (max), access time is specified by tAA- 

7 - toFF (max) is defined as the time at which the output achieves the open circuit condition (Voh — 200 mV, Vql + 
200 mV). 

8. Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Transition times are measured between 
V IH and V rL . 

9. When twcs - twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 
condition. When tAWD ^ tAWD (min) and tcwD - tcWD (min), the cycle is a read-modify-write cycle; the data of the 
selected address is read out from a data output pin and input data is written into the selected address. In this case, imped- 
ance on I/O pins is controlled by OIL 

10. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read- 
modify-write cycles. 

11. After power-up, pause for 100 /xs or more and execute at least 8 initialization cycles (normal memory cycles or refresh 
cycles), then start operation. 

12. If either tRCH or tRRH is satisfied, operation is guaranteed. 

13. tscC2 is defined as the last SAM cycle time before read transfer in read transfer cycle (1). 
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HM534252 Series 



■ TIMING WAVEFORMS 
• Read Cycle 



raS 



cas 



Address 



W 



I/O 
(Output) 



X 



l{T^r-: K 



M 



\ 



W//////////M 



i/o 7] 

(Input) 



WOT ffi 



tpzc. 



'/ 



mwiiii/iiitiiiit, 



< 




W/////M 



Valid 



wmk, mm 



<L 



IL 553 : D «> n 't care 



• Early Write Cycle 



i5a5 



CAS 



tA5« 

Address ^' 



tws 



:^><: 



;<-£-\ 



N r^ ^ 



Column 



^ 2*3C>m 



i/o 



(Output) 

to 



"DT/OT ^Z 



w 



J////////////M 



<& m3ym^ w///////////////M 



High-Z 



W///////////////////MWA 



?//s '. Don't care 



Note: *1. When WE is high level, all the data on I/Os can be written into the memor y cell . When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534252 Series 



• Delayed Write Cycle 



7*AS 



■A 



\ 



w 



T5T/0T 



I/O 
(Input) ' 



:/ 



tw$ "" *1 t «AM «•— tc»H *\ 



I l- tin J L Luu J 

'OT8 

r 



mZMZZMEMUZL 



yr-rys r==ry/////////////////, 



I/O 
(Output)" 



High-Z 



Y//X '• Don't care 



Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 

• Read-Modify-Wrlte Cycle 



IfAS 



X 



CAS 



wr 



I/O 
(Input) 



I/O 
(Output) " 



7f' 



IWH . »»C$ 



^•Wf 



:•> 



"Dl/OT 



IPHV 



WI/I/II///IIIIII/I//I, 



m 




t 000 V-/A 



/ Valid \ 



z^fflfflffl 



W///////////. 



Ml//////////, 

^//a • Don't care 



Note: *1. When WE is high level, all the data on I/Os can be written into the memor y cell . When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534252 Series 



• Page Mode Read Cycle 



"KS5 



£*S 



\ 



tCAH 



w 



uma. 



I/O . 
(Output) 



(Input) //// /X 



tpzo 

OTS toTH l OAC 



tcAS 






Valid 
Dout 



_/- 



tACP 



€2 



w;#-% r FmffK . 



7t^^f7777m ^l7777m^/ ////////// 

I h* 11 !" t«CM»| -f-WUcS — t«M -Uc* I t, C M ^ * MW 

//////) W W±J 'C7777 



W 



,gz\ 



Valid 
Dout 



> 



<z> 



Jzzza 



WE 



Valid 
Dout 



'OFF2 



7 



K/%1 : Don't care. 



• Page Mode Write Cycle (Early Write) 



"CAS 



■a: 



i^p^v 



Y 



)tf Colur 



^2* - ^& 



(Input) 



I/O 



£> 2G3I 



(Output) toM toTM 



•\-^f 



Valid 
Dm 



;^^£ 



s. / 



:OZh> 



Valid 
Dm 



:$zm 






, ^77777; 



Valid 
Din 



JGES 



High-Z 



"DT/OT 



Z^*Z 



7//////////////////////////////mr/ 



Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 1 061 



HM534252 Series 

• Page Mode Write Cycle (Delayed Write) 



RaS 



Ca3 



\ 



/I\ 



\ 



WE 



I/O 
(Input) 



— J( tcwi 



<TlQ^X^ 



7)FTf7777*. .^777771 /7777X '" ////////// 




7XJDWgXZZZZZm@ZZM)<ZEZZZZZL 



I/O . 
(Output) 



High-Z 



DT/OT 



W////////// 

&21 '• Don't care 



Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 

• RAS Only Refresh Cycle 



RAS 



X 



CAS 71 



t»A$ 



tf 



-\_ 



Minimi 

^ iiiinimii/i/ii/iiiiii 



I/O 
(Output) 



I/O 
(Input) 



DT/OT 



zT 



Miiiiiiiiiuiiiinui/h 



Miiiiiiiiiiimiimi, 



Y/A • Don't care. 
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• CAS Before RAS Refresh Cycle 



-W- 



_/ — x / 



*RPC *CSR 



\ 



• *RAS 



*RC- 



■W- 



*CHR -H h *CRP 



]f 



\ 



— V///////////////////////////////////77. 



i/o 

(Output) 



High-Z 



DT/OE 



>nWMMWHm/M/MI>IMMl. 



1/ /I : Don't care 



• Hidden Refresh Cycle 



\ 



, *CRP 



3E 



■te 



■ *RAS 



*RCD 



Address / /m~ Row 



*RAD 

s 



\ 



- *RSH -*" 



J W c JF tfcp * V- 

ViHR H W 



*CAH 



mum 



*RCS 



I/O 
(Output) 



*DTS 



"•H^TH 



*DZO ^ 



^^^^ ■*- foe -*■ 
(InpuO ////£ 



-*RC- 



*RAS 



*CRP 



mnnnnmnnm 



*RRH 



fi 



W////////JWJJ/// 



X AA »- 



*RAC 



■ *CAC - 



Valid Data Out 



/ 



*0FF2 



*0FF1 



High-Z 



F71 : Don't c 
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HM534252 Series 

• Read Transfer Cycle (1)*1> *2 



**5 



C*5 <».. 



I 



Address /¥ Row 



«: 



wii i fwiiunin R 



-* * i - t i fi 

J ////?//////7Zv/////////////, 



High-Z 



? 



(Input) 



ut/ot 



'in j ni/iuiiiiiiui/j/iiiiiii/iiJ iR 






Sl/O 
(Output) . 



|- «" 



^GZZZL 



t,o« ' ' I . 



si/o 

(Input) 



|_ t te> Previous Row •"•■ — | I * New Row 



Htgh-Z 



X//A • Don't care 



Notes: *1. When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (1). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 

• Read Transfer Cycle (2)*L *2 



CS5 



tlUH . 1 t«lC I 



7 f^(J 



7- 



I/O 
(Output) " 



HZZZZZ2ZZZZZZZZZZZZ 



^ iiiiniii/iiimiiu/fiiiiiih 



m 'COW J 



UT/OT" 



X 






si/o 

(Output) 



p 



£ 



1 tp, 



\IIIIIIIII 



wmmm i 



t.ce*- 



(Input) / L Sin 



^/////////mfc 



IOH 



] ' Don't care 

] : Inhibit rising transient 



Notes: *1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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• Pseudo Transfer Cycle 



RAS~ \* 

CSS 



£ 



7^' -^////////////////)///////////7777 



torsi | 



SE 



sc y 



Sl/O 
(Input) 

SI/0 
(Output) 



UoM •— »f> - tc»M I 

^ rs&~1 fuw iji\iiiiiiiiiiin iL 



\ 




jiiiiiiiiiimmiiiiiiiuiiiii 



Y//A '• Don't care 

K)04 • Inhibit rising transient 

I/O : Don't care 



r^T 



^rf 



tsiO i *SIS *-» a t S |H 1 

^yy/////////i p^ = y7777x — 



Note: *1. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 

• Write Transfer Cycle 



C*S~ 



t„. 



Address ' Jfl Row 
t«, 



we $; 



Ff/OT 



ST 



21 



:kx: 



; r^ v 



wwiiwiiiiiini miR 



^///////'*///////////////////////// Z 



iiiiiiiiiiiiiiijuiiiimiiinniik 






J////1 : Don't care 

&QQ4 • Inhibit rising transient 




sr^.C^X t \ 



iniuuiuti mwnM 



High-Z 



Note: *1. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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HM534252 Series - 
• Serial Read Cycle 



~m 



™ Milium iiimnnn v/iiifiiiu 



SE 



SC 



SI/0 
(Output) 




Valid 
Sout 



Y//\ ' Don't care. 



• Serial Write Cycle 



WS 



tDTS^ 



™ mnnzmnzmnw wuuiiu 



r 



SE 



SC 



(Input) 




25, EZ)eZZZ)S3CZZZZZZZZ>!iwffiKZ 



n + 1) \ / 



Y//\ : Don't care. 



Notes: *1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
*2. Address is accessed next to address 511. 
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• Logic Operation Set/Reset Cycle 



RAS 



CAS 



-*RP- 



^/ *RPC W* t 



^ P . C *CSR 



-~^ir~* 



[ ASR 



Address / / /fi. 
WE 



*RC 



Ws 



VCHR 



■W — 



— H WW 



-*rah ■ 



a 



*Dsk 



I/O 
(Input) 



Vh 



?////////////////////// 



jf////////////////////////// 



«DH-H 



^ 



*2 



mmmnmmmM 



i/o 

(Output) 



High-Z 



*« '////////////////////////////////////77. 



U7\ : Don't < 



Notes: *1. Logic code A0- A3. 
*2. Write mask data. 
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I LOGIC OPERATION MODE TIMING WAVEFORMS 
> Early Write Cycle 



TK5 



CSS 



Address 



W 



\ 



tws 



f 



-trcsH- 



Row 



m: 



tws _ t 



03B3 



tcFS 



*-tcAH- 



Column 



twcs 



(Input) 



I/O 
(Output) 



UT/OT 



v///////////, 



twCH 



twp 



: /M77777 



& f^=^ 77 ft^///////////, 



High-Z 



fZZZZZZZZZZZZZZZZZZZZZZZZZZ 

t»/l • Don't care. 



Note: *1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not 
written except for the case that the I/O is high at the falling edge of RAS. 

• Delayed Write Cycle 



RSS 



\ 



CSS t A . 



t«fs 



-tncO' ■ '» » 



■*F«SH ■■ 




/ 



^. tiiiiuiiimim 



■mm 



flllllllllh 



viimimiiiiin 



Valid Data In 



I/O _ 
(Output) 



High-Z 



Y//} : Don't care. 



Note: *1. When WE is high, all the data on I/Os can be written into the me mory cell. When WE is low, the data on I/Os are not 
written except for the case that the I/O is high at the falling edge of RAS. 
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• Page Mode Write Cycle (Delayed Write) 



CAS 



-Vrc- 






-Ws- 



^FS 



Address ^ r Row J Column^ j///JJ% Column [////% 



*CAH 



M< =^ S -J r 



-Vpc- 



— *WH *CWL 

i — * 



(Output) 



*CFS 



*CAH 



WP WP 

Sis, *.... <bs . J^bs 



--Vrsh-* 
*cfs 



SEk 



■ fesi U^-tcRP-^ 



-UAH 



*CWL h-*1*RWL 

1 



77777777 



'MEL 




DT/OE 7 



F71 : Don't care 



Note: *1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not 
written except for the case that the I/O is high at the falling edge of RAS. 

• Page Mode Write Cycle (Early Write) 



\ 



-— VcSH 



-%s- 



-Vrc- 



WE 






(Input) 

I/O 
(Output) 



i/o^rr 



V~cs 



ge 



*CP 
*CAH *ASC 



-Vpc- 



is=t^« ! £w^ 



Address Vj^^W77?i^U777W^V ////// / 



*CFS 



Vrsh 



*cah *asc| 



*WP 



mil 




$^X 



*CFS 



^5^5 JdH, fe? V ^ *DH 



DT/OE 7 



3^ 






l WCH 
*WP 



*WCS 



3^E 



^(M^ivimzszm. 



*CAH 



*WP 



3^ 



High-Z 



V///////////////////77777777Z 



F71 : Don't care 



Note: *1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not 
written except for the case that the I/O is high at the falling edge of RAS. 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



1069 



HM534253 Series 

262,144-Word x 4-Bit Multiport CMOS Video RAM 

■ DESCRIPTION 

The HM534253 is a 1-Mbit multiport video RAM equipped with a 256k-word x 
4-bit dynamic RAM and a 512-word x 4-bit SAM (serial access memory). Its RAM 
and SAM operate independently and asynchronously. It can transfer data between 
RAM and SAM and has a write mask function. In addition, it has two new functions. 
Flash write clears the data of one row in one cycle in RAM. Special read transfer 
internally detects that the last address in SAM is read and transfers the next data of 
one row automatically from RAM if a transfer cycle has previously been executed. 
These functions make it easier to use the HM534253. 

■ FEATURES 

• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM and SAM Capability 

RAM 256k-word x 4-Bit 

SAM 512-word x 4-Bit 

• Access Time RAM 1 00 ns/1 20 ns/1 50 ns (max) 

• SAM 30 ns/40 ns/50 ns (max) 

• Cycle Time RAM 1 90 ns/220 ns/260 ns (min) 

• SAM 30 ns/40 ns/60 ns (min) 

• Low Power 

Active RAM 385 mW (max) 

SAM 275 mW (max) 

Standby 40 mW (max) 

• High-Speed Page Mode Capability 

• Mask Write Mode Capability 

• Bidirectional Data Transfer Cycle 
Between RAM and SAM Capability 

• Special Read Transfer Cycle Capability 

• Flash Write Cycle Capability 

• 3 V ariatio ns of Refresh (8 ms/512 cycles) 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• TTL Compatible 



HM534253JP Series 




(CP-28D) 



HM534253ZP Series 




(ZP-28) 



PIN OUT 



ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HM534253JP-10 
HM534253JP-12 
HM534253JP-15 


100 ns 
120 ns 
150 ns 


400 mil 28-pin 
Plastic SOJ 
(CP-28D) 


HM534253ZP-10 
HM534253ZP-12 
HM534253ZP-15 


100 ns 
120 ns 
150 ns 


400 mil 28-pin 
Plastic ZIP 
(ZP-28) 



HM534253JP Series 



sc 

Sl/OOi 

SI/01* 

DT/OE 

l/O0« 

1/01 

wE« 

NC< 
RSS« 



A8( 10 
A6< 
A5i 12 
A4i 13 
V CC ' 14 



28fV ss 
27 > SI/03 
26 » SI/02 
25»ST 
24 » I/03 
23 » I/02 
22 » DSF 

»CA§ 

>QSF 

1A0 

JA1 

»A2 

a A3 

>A7 



(Top View) 



HM534253ZP Series 



1 DSF 
31/03 
5 SI/02 
7V„ 
9 SI/OO 

11 DT/61 

13 1/01 

15 NC 

17 A8 

19 A5 

21 V cc 

23 A3 

25 A1 

27QSF 



(Bottom View) 



1/02 2 






§E 4 




SI/03 6 
SC 8 












SI/01 10 
l/OO \Z 
W 14 






RAS 16 
A6 18 
A4 20 








■^- 


A7 22 






A2 24 
A0 26 




= 


CAS 28 




B ^~»--" 



PIN DESCRIPTION 



Pin Name 


Function 


Ao-A 8 


Address Inputs 


I/O0-I/O3 


RAM Port Data Inputs/Outputs 


SI/O0-SI/O3 


SAM Port Data Inputs/Outputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Write Enable 


DT/OE 


Data Transfer/Output Enable 


SC 


Serial Clock 


SE 


SAM Port Enable 


DSF 


Special Function Input Flag 


QSF 


Data Register Empty Flag 


v C c 


Power Supply 


v S s 


Ground 


NC 


No Connection 
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HM534253 Series 



BLOCK DIAGRAM 

















RAM 










SAM 








From 

Column Address 
(SAM Start 
Address) 

0119-1 




I DT/OE | 
1 ^511 






511 

-A 

^ 


Dout 
Din 


Memory 
Array 

Row 


i 

"5 

o 






o 

O 


-J 
4 


o 


Pointer 

HI. 


0) 

(/5 


c 












hr>c i 








i/uf 




( : 




JC 

w 

u. 






\ 


















DR 


I Data Register 


511 


1 








■^n) 


Mask 
Register 








WE T 


Selector * 














<> 








4 






rsn 




-b 


Color 
Register 






, 


■ 1 










[jl/O 


3 

































■ PIN FUNCTION 

RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address a nd sig nals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of those signals determine the operation cycle of 
the HM534253. 



• Table 1. Operation Cycles of the HM534253 


Input Level at the Falling Edge of RAS 


Operation 


CAS 


DT/OE 


WE 


SE 


DSF 


Cycle 


H 


H 


H 


X 


L 


RAM Read/Write 


H 


H 


H 


X 


H 


Color Register Set 


H 


H 


L 


X 


L 


Mask Write 


H 


H 


L 


X 


H 


Flash Write 


H 


L 


H 


X 


L 


Special Read 
Initialization 


H 


L 


H 


X 


H 


Special Read 
Transfer 


H 


L 


L 


H 


X 


Pseudo Transfer 


H 


L 


L 


L 


X 


Write Transfer 


L 


X 


X 


X 


X 


CBR Refresh 



Note: X: Don't care. 

CAS (input pin): Colum n address is put into chip at the fall- 
ing edge of CAS. CAS controls output impedance of I/O in 
RAM. 

Ao-As (input pins): Row a ddres s is determined by Ao-As 
level at the falling edge of RAS. Column a ddre ss is deter- 
mined by Aq-As level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 

W E (inp ut pin): WE pin has two functions at the falling edge 
of R AS and after. When WE is low at the falling edge of 
RAS, the HM534253 turns to mask write mode. According to 
the I/O level at the time, write on eac h I/O can be masked. 
(WE level at the falling edge of RAS is don't care in read 



cycle.) When WE is high at the falling e dge of RAS, a nor- 
mal write cycle is executed. After that, WE switches read/ 
write cycles as in a standard DRAM. In_a transfer cycle, the 
direction of transfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred from 
SAM to RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is read 
from RAM). 

I/O0-I/O3 (input/output pin s): I/ O pins function as mask 
data at the falling edge of RAS (in mask write and flash 
write mode). Data is written only on high I/O pins. Data on 
low I/O pins are masked and internal data are retained. Af- 
ter that, they function as input/output pins as those of a 
standard DRAM. 

DT/OE (input pin): DT/OE pin func tions as DT (data trans- 
fer) pin at the falling edge_of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle beco mes a transfer cycle. When UT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 

SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data is output from an Sl/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an Sl/O 
pin at the rising edge of SC is put into the SAM data regis- 
ter. 

SE (input pin): SE pin activates SAM. When SE is high, Sl/O 
is in the high impedance state in serial read cycle and data 
on Sl/O is not put into the SAM data register in serial write 
cycle. SE can be used as a mask for serial write because 
internal pointer is incremented at the rising edge of SC. 

SI/O0-SI/O3 (input/output pins): Sl/Os are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a special read transfer 
cycle or special read initialization cycle, Sl/O outputs data. 
When it was a pseudo transfer cycle or write transfer cycle, 
Sl/O inputs data. 

DSF (input pin): DSF is a special data input flag pin. It is set 
to high when new functions such as color register set, spe- 
cial read transfer, and flash write, are used. 
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HM534253 Series 



QSF (output pin): The HM534253 has a double buffer orga- 
nization which includes two J5AM data registers to relax the 
restriction of timings of DT/OE and SC in real time transfer 
cycle. QSF flag turns high when output from one of SAM 
data registers finished (data register empty flag). If the con- 
dition is detected and special read transfer cycle is execut- 
ed, data is transferred to the empty register. SC (serial 
clock) and data transfer cycle can be set asynchronously 
because detection of the last address in SAM and change of 
data register are executed automatically in the chip. It 
makes the system design flexible. 

■ OPERATION OF HM534253 

• Operation of RAM Port 

RAM Read C ycle (DT/OE high, CAS high, DSF low at the 
falling edge of RAS) 

Row address is en tered at the RAS falling edge and col- 
umn address at the CAS falling^ edge to the device as in 
stand ard D RAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected addre ss da ta is output 
throu gh I/O pin. At the falling edge of RAS, DT/OE and 
CAS become high to distinguish RAM read cycle from trans- 
fer cycle and CBR refresh cycle. Address access time (tAA) 
and RAS to column address delay time (tRAD) specifications 
are added to enable high-speed page mode. 

RAM Write CycleJEarly Write, Delayed Write, Read 
Modify Write) (DT/OE high, CAS high, DSF low at the fall- 
ing edge of RAS) 

• Norm al Mode Write Cycle (WE high at the falling edge of 
RAS) 

When CAS and WE are set low after driving RAS low, a 
write cycle is executed and I/O data is written in the select- 
ed addresses. When all 4 l/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and I/O becomes high imped- 
ance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling. 
I/O does not become high impedance in this cycle, so data 
should be entered with OE in high. 

tf WE is set low after tcwD ( min ) and tAWD ( min ) after tne 

CAS falling edge, this cycle becomes a read modify write cy- 
cle and enables read/write to execute in the same address 
cycle. In this cycle also, to avoid I/O contention, data should 
be input after reading data and driving OE high. 



• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode cycle which writes only to select- 
ed I/O. Whether or not an I/O is writ ten d epends on I/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high I/O pins and masked in low ones and inter- 
nal d ata is preserved. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is preserved during the page access. 

High-Speed Page Mode C ycle (DT/OE high, CAS high, 
DSF low at the falling edge of RAS) 

High-speed page mode cycle reads/writes the data o f the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read /write 
cycle and is higher than the standard page mode cycle by 
70-80%. This product is based on static column mode, 
therefore, address access time ^aa). RAS to c olumn ad- 
dress delay time (tRAD)> and a ccess time from CAS pre- 
charge (tACP) are added. In one RAS cycle, 512-word mem- 
ory cells of the same row address can be accessed. It is 
necessary to specify access frequency within tRAs max 
(10 jus). 

• Flash Write Function (See figure 1) 

• Color Register Set Cycle (CAS*DT/0E«WE high, DSF high 
at the falling edge of RAS) 

In color register set cycle, color data is set to the internal 
color register used in flash write cycle. 4 bits of internal col- 
or register are provided at each I/O. This register is com- 
posed of static circuits, so once it is set, it preserves the 
data until reset. The data set is just as same as in the usual 
write cycle except that DSF is set high at the falling edge of 
RAS, and early write and delayed write cycle can be execut- 
ed. In this cycle, memory array access is not executed, so it 
is unnecessary to give row and column addresses. 

• Flash Write Cycle (CAS«DT/0E high, WE low, DSF high at 
the falling edge of RAS) 

In a flash write cycle, a row of data (512 x 4 bit) is 
cleared to or 1 at each I/O according to the data of color 
register mentione d before. It is also possible to mask I/O in 
this cycle. When CAS»DT/OE is se t hig h, WE is low, and 
DSF is high at the falling edge of RAS, this cycle starts. 
Then, the row address to clear is given to row address and 
mask data is to I/O. Mask data is as same as that of a RAM 
write cycle. High I/O is cleared, low I/O is not cleared and 
the internal data is preserved. Cycle time is the same as 
those of RAM read/write cycles, so all bits can be cleared in 
1/512 of the usual cycle time. 
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"RK5 



CSS 



V. 



Address / 



n niiiiiiiiiiiT r-rTmm-r^mn 



"DT/oT 



"wr 



1/00 



1/01 



1/02 



1/03 



w 



DSF 



77 



Color Register Set Cyde 



/ 



v 



aur^ML 



HIIIIIIIIIL 



\ F 



V WM 



mw - wz 



Set (I/03, 1/02, 1/01, 
I/O0) « (1,0, 0,1) into 
color register. 



Rash Write Cyde 



A F 



win -,- v// a - m m ,, V///7Z 



777 77A , /7777\ - FTTH I ^ V// 



777 7A T 7777; '/ ^ V// A - 7777 



\iiiiiiium wzzzy 



Execute flash write 
into 1/02, 1/03 on row 
address Xi using color 
register. (I/OO, 1/01 
are masked.) 



Rash Write Cyde 



v_y 



TT^WIIIIL 



7 WML 

\ r 



'U -™„ mm ~ y/i/S 



"VZ 



Execute flash write 
into I/O0.I/O1.I/O3 
on row address Xi 
using color register. 
(1/02 is masked.) 



TL 



1 



11 



ZZ 



Figure 1. Use of Flash Write 
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HM534253 Series 



• Transfer Operation 

The HM534253 provides the special read initialization cy- 
cle, special read transfer cycle, pseudo transfer cycle, and 
write transfer cycle as data transfer cycles. These transfer 
cycle s are set by driving DT/OE low at the falling edge of 
RAS. They have the following functions: 

(1 ) Transfer data between row address and SAM data regis- 
ter (except for pseudo transfer cycle) 

(2) Determine direction of data transfer 

(a) Special read initialization cycle, 

Special read transfer cycle: RAM — * SAM 

(b) Write transfer cycle: RAM <— SAM 

(3) Determine input or output of SAM I/O pin (Sl/O) Special 
read initialization cycle: Sl/O output 

Pseudo transfer cycle, write transfer cycle: Sl/O input 

(4) Determine first SAM address to access (SAM start ad- 
dress) after transferring at column ad dress . When SAM 
start address is not changed, neither CAS nor address 
need to be set because SAM start address can be 
latched internally. 

Special Read Initialization Cycle (CAS high, DT/OE low, 
WE high, DSF low at the falling edge of RAS) 

If CAS is high, DT/OE is low, WE high, and DSF low at 
the falling edge of RAS, this cycle becomes a special read 
initialization cycle. Special read initialization is used (1) to 
start special read transfer operation and (2) to switch SAM 
input/output pin (Sl/O), set in input state by pseudo transfer 
cycle or write transfer cycle, to output state. 

If the clock is set as mentioned before, address of SAM 
transfer word line is set to row address and first SAM ad- 
dress to access (SAM start address) to column address, it 
bec omes possible to execute SAM read after tsRD (min) af- 
ter RAS i s hig h. In this cycle, Sl/O outputs uncertain data 
after the RAS falling edge. So when SAM is in input state 
before e xecu ting this cycle, it is necessary to stop input be- 
fore the RAS falling edge. 

SAM access is inhibited while RAS is low in this cycle. SC 
should not be raised during RAS low. 

Special Read Transfer Cycle (CAS high, DT/OE low, WE 
high, DSF high at the falling edge of RAS) 

Ordinary multiport video RAM has some problems;_CO se- 
vere limitation on timings between processor clock DT/OE 
and CRT clock SC, (2) complicated external control circuit to 
detect SAM last address externally and to insert transfer cy- 
cle synchronously. Special read transfer cycle makes it pos- 
sible to relax the timing limitations and to set serial clock 
(SC) and transfer cycle perfectly synchronously. 

Figure 2 shows the block diagram for a special read 
transfer. SAM double buffers are composed of two data reg- 
isters (DR). When data is read out from DRO serially, special 
read transfer cycle transfers a row of RAM data, which will 
be read from SAM next, to DR1. 

The end of data read from DRO is detected internally and 
data register switching circuit automatically switches to DR1 
output. So data can be output continuously. 



Figure 3 shows special read transfer operation sequence. 
QSF flag indicates that reading out from data register has 
finished (data register empty flag), and special read transfer 
can be executed while QSF is high. At first, special read op- 
eration starts by executing a special read initialization cycle. 
So QSF becomes high, the processor gives row address 
and SAM start address, which is need next, to the memory, 
and inserts a special read transfer cycle. Data register be- 
comes full after a special read transfer cycle, so QSF be- 
comes low during the cycle. When the last SAM address is 
accessed, QSF becomes high and the data register, which 
outputs from the next SAM address, changes, and serial ac- 
cess can be executed. 

By executing these handshakes, serial clock and transfer 
cycle can be executed perfectly asynchronously, and flexibil- 
ity of the system design is improved. 

Special read transfer cycle is set by making CAS high, 
DT/O E low, WE high, and DSF high at the falling edge of 
RAS (same as for special read initialization cycle except 
DSF). Like in other transfer cycles, the address of the word 
line to transfer into data register is specified by row address 
and SAM start is specified by column address. When the 
last SAM address data is output, the next dat a is output 
from the SAM start address specified by this RAS cycle. 
This transfer cycle can be executed asynchronously with 
SAM cycle . However, it is necessary to execute SAM access 
after R AS b ecomes high after SAM start address is speci- 
fied by RAS cycle. (See figure 4.) 

QSF should be high at the falling edge of RAS to execute 
a special read transfer cycle. A cycle whose QSF is low is 
neglected (refresh is executed). When the previous transfer 
cycle is a pseudo transfer or write transfer cycle and Sl/O is 
in input state, special read transfer cycle cannot be used 
(neglected). Special read initialization cycle is required to 
switch Sl/O to output state. 

Pseudo Transfer Cycle (CAS high, DT/OE low, WE low, 
and SE high at the falling edge of RAS) 

Pseudo transfer cycle is available for switching Sl/O from 
output state to input state be caus e data in RAM isn't rewrit- 
ten. This cycle starts when CAS is high, DT/OE low, WE 
low, and SE high, at the falling edge of RAS. The output 
buffer in Sl/O becomes high impedance within tsRz (max) 
from the RAS falling edge. Data should be input to Sl/O lat- 
er than tsiD (min) to avoid data content ion. S AM access be- 
comes enabled after tsRD (min) after RAS becomes high, 
like in the special read ini tializa tion cycle. In this cycle, SAM 
access is inhibited during RAS low, therefore, SC should not 
be raised. 

Write Transfer Cycle (CA S high , DT/OE low, WE low, and 
SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred in to RA M is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address to serial write after terminating this cycle. Also in 
this c ycle, SAM access becomes enabled after tsRD (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC should not be raised. 
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Memory 
Array 



V///A 



DR : Data Register 



zs 



Selector r 
Sout(DRO) 



Detect SAM 
Last Address 





Figure 2. Block Diagram for Special Read Transfer 


MuWport 
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SC 
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(Output) 


RAM RAM 
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AAAA- 
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-f\N 
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Figure 3. Special Read Transfer Operation Sequence 
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Figure 4. The Restriction of Special Read Transfer 
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■ SAM PORT OPERATION 

• Serial Read Cycle 

SAM port is in read mode when the previous data trans- 
fer cycle is special read initialization cycle or special read 
transfer cycle. Access is synchronized with SC rising, and 
SAM data is output from Sl/O. When the last address is ac- 
cessed at the state of QSF low (data register is full), it is 
signaled to external circuits that special read transfer is en- 
abled by making QSF high. Next, after SAM access, output 
data register is switched, then the row address data given 
by previous special read transfer cycle is output from the 
SAM start address. If special read transfer isn't performed 
(QSF high), the column address of the same row address 
is accessed after the last address is accessed. 

• Serial Write Cycle 

If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, Sl/O data is programmed into data register at the SC 
rising edge like in the serial read cycle. If SE is high, Sl/O 
data isn't input into data register. Internal pointer is incre- 
mented according to the SC rising edge, so SE high can be 
used to mask data for SAM. 

■ REFRESH 

• RAM Refresh 

RAM, which is composed of dynamic circuits, requires re- 
fresh to retain data. Refresh is performed by accessing all 

■ ABSOLUTE MAXIMUM RATINGS 



512 row addr esses every 8 ms. The re ar e three refre sh cy- 
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses ev- 
ery 8 ms. 

RAS Only Refresh Cycle : RA S only refr esh cycle is per- 
formed by activating only RAS cycle with CAS fixed to high 
by inputting the row address (= refresh address) from exter- 
nal circuits. In this cycle, output is high-impedance and pow- 
er dissip ation is less than that of normal read/write cycles 
because CAS internal circuits don't operate. To distinguish 
this cycle from dat a tra nsfer cycle, DT/OE should be high at 
the falling edge of RAS. 

CBR Refres h Cy cle: CBR refresh cycle is set by activating 
CAS before RAS. In this cycle, refresh address need not to 
be input through external circuits because it is input through 
an internal refresh counter. In this cycle, output is i n hig h im- 
pedance and power di ssipat ion is lowered like in RAS only 
refresh cycles because CAS circuits don't operate. 

Hidden Refresh Cyc le: H idden refresh cycl e per forms re- 
fresh by reactivating RAS when DT/OE and CAS keep low 
in normal RAM read cycles. 

• SAM Refresh 

SAM parts (data register, shift register, selector), orga- 
nized as fully static circuitry, don't require refresh. 



Parameter 


Symbol 


Value 


Unit 


Note 


Terminal Voltage 


V T 


-1.0 to +7.0 


V 


1 


Power Supply Voltage 


v C c 


-0.5 to +7.0 


V 


1 


Power Dissipation 


Pt 


1.0 


w 




Operating Temperature 


Topr 


Oto +70 


°c 




Storage Temperature 


T stg 


- 55 to + 125 


°c 





Note: 1. Relative to Vss 

■ ELECTRICAL CHARACTERISTICS 



• Recommended DC Operating Conditions 0a = to + 70°C) 








Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


Vil 


-0.5 


- 


0.8 


V 


1,2 



Notes: 



1. All voltages referenced to Vgg- 

2. - 3.0V for pulse width < 10 ns. 
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• DC Electrical Characteristics (T A = 


Oto +70°C, V cc 


= 5V ±10%, V S s = 0V) 






Parameter 


Symbol 


HM534253-10 


HM534253-12 


HM534253-15 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


RAM Port 


SAM Port 




Operating 
Current 


l CCl 


— 


70 


— 


60 


— 


50 


mA 


RAS, CAS 

Cycling 
*RC - Min 


SC = V IL ,SE = V IH 




!CC7 


- 


120 


- 


100 


- 


80 


mA 


SE = V IL , SC Cycling 
tscc — Min 




Standby 
Current 


!CC2 


— 


7 


— 


7 


— 


7 


mA 


RAS, CAS 

= v ffl 


SC = V IL ,SE = V IH 




tecs 


- 


50 


- 


40 


- 


30 


mA 


SE = V IL , SC Cycling 
tscc = Min 




RAS Only 


!CC3 


— 


60 


— 


50 


— 


40 


mA 


RAS Cycling 


SC = Vi L ,SE = V ffl 




Refresh 
Current 


!CC9 


- 


110 


- 


90 


- 


70 


mA 


CAS = V IH 

tRC - Min 


SE = V IL , SC Cycling 
tscc = Min 




Page Mode 
Current 


!CC4 


— 


65 


— 


55 


— 


45 


mA 


CAS Cycling 


SC,SE = Vffl 




Jccio 


- 


115 


- 


95 


- 


75 


mA 


RAS = V IL 
tRC = Min 


SE = V IL , SC Cycling 
tscc = Min 




CAS Before 


Jccs 


— 


60 


— 


50 


— 


40 


mA 


RAS Cycling 
tRC = Min 


SC = V IL ,SE = Vffl 




RAS Refresh 
Current 


J CC11 


- 


110 


- 


90 


- 


70 


mA 


SE = V IL , SC Cycling 
tscc = Min 




Data 


!CC6 


— 


90 


— 


90 


— 


90 


mA 


RAS, CAS 

Cycling 
tRC = Min 


SC = V IL ,SE = Vffl 




Transfer 
Current 


!cC12 


- 


125 


- 


125 


- 


125 


mA 


SE = V IL , SC Cycling 
tscc = Min 




Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


JLtA 








Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


juA 








Output High 
Voltage 


V H 


2.4 


- 


2.4 


- 


2.4 


- 


V 


!oh = -2mA 




Output Low 
Voltage 


Vol 


- 


0.4 


- 


0.4 


- 


0.4 


V 


Iql - 4.2 mA 





• Capacitance (T A = 25°C, V C c = 5V, f = 1 MHz, Bias: Clock, I/O = V C c. Address = V S s) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Address 


Cn 


— 


— 


5 


pF 


Clock 


Cn 


— 


— 


5 


pF 


I/O, SI/O 


C I/0 


— 


— 


7 


pF 
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• AC Characteristics (T A = to +70 C, V C c = 5V ±10%, V S s = 0V)">. 11 
Test Conditions 



Input Rise and Fall Time 
Output Load 

Input Timing Reference Levels 
Output Timing Reference Levels 



5 ns 

See Figures 

0.8V, 2.4V 

0.4V, 2.4V 



Output Load (A) 



Output Load (B) 



+5V 



+5V 



l L = 4.2mA 



I/O 



100pF M 



Kh 



l 0H =-2mA 



l L=4.2mA 



SI/0 



T 



■Kh 



'777 



SOpF" 



777 



Note: *1. Including scope & jig. 
Common Parameters 



Parameter 


Symbol 


HM534253-10 


HM534253-12 


HM534253-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


190 


— 


220 


— 


260 


— 


ns 




RAS Precharge Time 


tRP 


80 


— 


90 


— 


100 


— 


ns 




RAS Pulse Width 


tRAS 


100 


10000 


120 


10000 


150 


10000 


ns 




CAS Pulse Width 


tCAS 


30 


10000 


35 


10000 


40 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


15 


— 


15 


— 


20 


— 


ns 




Column Address Setup Time 


tASC 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


20 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


25 


70 


25 


85 


30 


110 


ns 


5,6 


RAS Hold Time 


tRSH 


30 


— 


35 


— 


40 


— 


ns 




CAS Hold Time 


*CSH 


100 


— 


120 


— 


150 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise to Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


8 


Refresh Period 


*REF 


— 


8 


— 


8 


— 


8 


ms 




DT to RAS Setup Time 


*DTS 





— 





— 





— 


ns 




DT to RAS Hold Time 


tDTH 


15 


— 


15 


— 


20 


— 


ns 




DSF to RAS Setup Time 


tSPS 





— 





— 





— 


ns 




DSF to RAS Hold Time 


*SPH 


25 


— 


25 


— 


30 


— 


ns 




Data-in to OE Delay Time 


*DZO 





— 





— 





— 


ns 




Data-in to CAS Delay Time 


tDZC 





— 





- 





- 


ns 





1078 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM534253 Series 



Read Cycle (RAM), Page Mode 


Read Cycle 
















Parameter 


Symbol - 


HM534253-10 


HM534253-12 


HM534253-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


100 


— 


120 


— 


150 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


30 


— 


35 


— 


40 


ns 


3,5 


Access Time from OE 


tOAC 


— 


30 


— 


35 


— 


40 


ns 


3 


Address Access Time 


*AA 


— 


45 


— 


55 


— 


70 


ns 


3,6 


Output Buffer Turn-off Delay 
Referenced to CAS 


k)FFl 





25 





30 





40 


ns 


7 


Output Buffer Turn-off Delay 
Referenced to OE 


tOFF2 





25 





30 





40 


ns 


7 


Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time 


tRCH 





— 





— 





— 


ns 


12 


Read Command Hold Time 
Referenced to RAS 


*RRH 


10 


- 


10 


- 


10 


- 


ns 


12 


RAS to Column Address 
Delay Time 


tRAD 


20 


55 


20 


65 


25 


80 


ns 


5,6 


Page Mode Cycle Time 


tpc 


55 


— 


65 


— 


80 


— 


ns 




CAS Precharge Time 


*CP 


10 


— 


15 


— 


20 


— 


ns 




Access Time from CAS Precharge 


tACP 


— 


50 


— 


60 


— 


75 


ns 




Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 


Parameter 


Symbol 


HM534253-10 


HM534253-12 


HM534253-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


9 


Write Command Hold Time 


twCH 


25 


— 


25 


— 


30 


— 


ns 




Write Command Pulse Width 


t W p 


15 


— 


20 


— 


25 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


30 


— 


35 


— 


40 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


30 


— 


35 


— 


40 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 


ns 


10 


Data-in Hold Time 


*DH 


25 


— 


25 


— 


30 


— 


ns 


10 


WE to RAS Setup Time 


tws 





— 





— 





— 


ns 




WE to RAS Hold Time 


*WH 


15 


— 


15 


— 


20 


— 


ns 




Mask Data to RAS Setup Time 


*MS 





— 





— 





— 


ns 




Mask Data to RAS Hold Time 


*MH 


15 


— 


15 


— 


20 


— 


ns 




OE Hold Time Referenced to WE 


*OEH 


10 


— 


15 


— 


20 


— 


ns 




Page Mode Cycle Time 


tpc 


55 


— 


65 


— 


80 


— 


ns 




CAS Precharge Time 


tcp 


10 


— 


15 


— 


20 


— 


ns 
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Read-Modify-Write Cycle 



Parameter 


Symbol 


HM534253-10 


HM534253-12 


HM534253-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


255 


— 


295 


— 


350 


— 


ns 




RAS Pulse Width 


tRWS 


165 


10000 


195 


10000 


240 


10000 


ns 




CAS to WE Delay 


tCWD 


65 


— 


75 


— 


90 


— 


ns 


9 


Column Address to WE Delay 


*AWD 


80 


— 


95 


— 


120 


— 


ns 


9 


OE to Data-in Delay Time 


tODD 


25 


— 


30 


— 


40 


— 


ns 




Access Time from RAS 


tRAC 


— 


100 


— 


120 


— 


150 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


30 


— 


35 


— 


40 


ns 


3,5 


Access Time from OE 


tOAC 


— 


30 


— 


35 


— 


40 


ns 


3 


Address Access Time 


*AA 


— 


45 


— 


55 


— 


70 


ns 


3,6 


RAS to Column Address Delay 


tRAD 


20 


55 


20 


65 


25 


80 


ns 


5,6 


Output Buffer Turn-off Delay 
Referenced to OE 


tOFF2 





25 





30 





40 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Write Command to RAS Lead Time 


tRWL 


30 


— 


35 


— 


40 


— 


ns 




Write Command to CAS Lead Time 


tCWL 


30 


— 


35 


— 


40 


— 


ns 




Write Command Pulse Width 


t W p 


15 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 


ns 


10 


Data-in Hold Time 


*DH 


25 


— 


25 


— 


30 


— 


ns 


10 


WE to RAS Setup Time 


tws 





— 





— 





— 


ns 




WE to RAS Hold Time 


t\VH 


15 


— 


15 


— 


20 


— 


ns 




Mask Data to RAS Setup Time 


*MS 





— 





— 





— 


ns 




Mask Data to RAS Hold Time 


*MH 


15 


— 


15 


— 


20 


— 


ns 




OE Hold Time Referenced to WE 


tOEH 


10 


— 


15 


— 


20 


— 


ns 




Refresh Cycle 


Parameter 


Symbol 


HM534253-10 


HM534253-12 


HM534253-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh) 


*CSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh) 


tCHR 


20 


- 


25 


- 


30 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 
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Transfer Cycle 



Parameter 


Symbol 


HM534253-10 


HM534253-12 


HM534253-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


WE to RAS Setup Time 


tws 





— 





— 





— 


ns 




WE to RAS Hold Time 


*WH 


15 


— 


15 


— 


20 


— 


ns 




SE to RAS Setup Time 


*ES 





— 





— 





— 


ns 




SE to RAS Hold Time 


tEH 


15 


— 


15 


— 


20 


— 


ns 




RAS to SC Delay Time 


tSRD 


25 


— 


30 


— 


35 


— 


ns 




SC to RAS Setup Time 


tSRS 


30 


— 


40 


— 


45 


— 


ns 




RAS to QSF Delay Time 


*RQD 


— 


100 


— 


120 


— 


150 


ns 


4 


RAS to QSF (high) Delay Time 


tRQH 


— 


TBD 


— 


TBD 


— 


TBD 


ns 




Serial Data Input Delay Time 
from RAS 


tSID 


50 


- 


60 


- 


75 


- 


ns 




Serial Data Input to RAS 
Delay Time 


tSZR 


- 


10 


- 


10 


- 


10 


ns 




Serial Output Buffer Turn-off 
Delay from RAS 


tSRZ 


10 


50 


10 


60 


10 


75 


ns 


7 


RAStoS out 
(Low-Z) Delay Time 


tRLZ 


5 


- 


10 


- 


10 


- 


ns 




Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


60 


— 


ns 




Access Time from SC 


tsCA 


— 


30 


— 


40 


— 


50 


ns 


4 


Serial Data-out Hold Time 


tSOH 


7 


— 


7 


— 


7 


— 


ns 


4 


SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 





— 


ns 




Serial Data-in Hold Time 


tSIH 


15 


— 


20 


— 


25 


— 


ns 




Serial Read Cycle 


Parameter 


Symbol - 


HM534253-10 


HM534253-12 


HM534253-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


60 


— 


ns 




Access Time from SC 


tSCA 


— 


30 


— 


40 


— 


50 


ns 


4 


Access Time from SE 


tSEA 


— 


25 


— 


30 


— 


40 


ns 


4 


Serial Data-out Hold Time 


tSOH 


7 


— 


7 


— 


7 


— 


ns 


4 


SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


ns 




Serial Output Buffer Turn-off 
Delay from SE 


tSEZ 





25 





25 





30 


ns 


7 


Last SC to QSF Delay Time 


tSQD 


— 


TBD 


— 


TBD 


— 


TBD 


ns 


4 




HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



1081 



HM534253 Series 
Serial Write Cycle 



Parameter 


Symbol 


HM534253-10 


HM534253-12 


HM534253-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


60 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 





— 


ns 




Serial Data-in Hold Time 


*SIH 


15 


— 


20 


— 


25 


— 


ns 




Serial Write Enable Setup Time 


tsws 





— 





— 





— 


ns 




Serial Write Enable Hold Time 


tSWH 


30 


— 


35 


— 


50 


— 


ns 




Serial Write Disable Setup Time 


tswis 





— 





— 





— 


ns 




Serial Write Disable Hold time 


tSWIH 


30 


— 


35 


— 


50 


— 


ns 




Flash Write Cycle 


Parameter 


Symbol 


HM534253-10 


HM534253-12 


HM534253-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Flash Write Cycle Time 


tRCFW 


230 


— 


265 


— 


310 


— 


ns 




RAS Pulse Width 


tRCSFW 


140 


— 


165 


— 


200 


— 


ns 




WE to RAS Setup Time 


tws 





— 





— 





— 


ns 




WE to RAS Hold Time 


tWH 


15 


— 


15 


— 


20 


— 


ns 




CAS High Level Hold Time 
Referenced to RAS 


tCHHR 


20 


- 


25 


- 


30 


- 


ns 




Mask Data to RAS Setup Time 


*MS 





— 





— 





— 


ns 




Mask Data to RAS Hold Time 


*MH 


15 


— 


15 


- 


20 


- 


ns 





Notes: 



1. AC measurements assume t? = 5 ns. 

2. Assume that tRCD ^ *rcd (max) and tRAD - tRAD (max). If tRCD or *RAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

5. When tRCD ^ tRCD ( max ) anc * tRAD ^ tRAD (max), access time is specified by tcAO 

6. When tRCD ^ tRCD (max) and tRAD - tRAD (max), access time is specified by tAA- 

7. toFF (max) is defined as the time at which the output achieves the open circuit condition (Vqh ~" 200 mV, 
V O L + 200mV). 

8. Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Transition times are measured between 
V IH and V IL . 

9. When tyycs - twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 
condition. When tAWD - tAWD (min) and tcwD - tcwD (min), the cycle is a read-modify-write cycle; the data of the 
selected address is read out from a data out pin and input data is written into the selected address. In this case, impedance 

on I/O pins is controlled by OE. 

These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read- 
modify-write cycles. 

11. After power-up, pause for 100 jus or more and execute at least 8 initialization cycles (normal memory cycles or refresh 
cycles), then start operation. 

12. If either tRCH or tRRH * s satisfied, operation is guaranteed. 



10. 
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HM534253 Series 



I TIMING WAVEFORMS 
1 Read Cycle 



"RRS 



CSS 



twco 



\ 



yZ^Z2\ 



tcAS 



*— ?»CS2><&S><ZMZMm 



* v///// / // /m 



I/O 
(Output) 






1/0 »1 ^ 



(Input) 
^T/OT 

DSF 



J' 



w" — k 



7mm 



< ^ Valid 



*s^ s fflML 



<L 



^^//////////////////////////////M ^:oo„< 



» Early Write Cycle 



TO 



CSS 



Address 



# 



\ 



tw, ♦ te 




, tc» 

IP 



■/////////////, 



I/O 
(Output) 

T5T/0T 
DSF 



x 'DTK 

'-Si.; — 
Z7 1 



W/////AWA 



High-Z 



Y/A : Don't care. 



Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534253 Series 

• Delayed Write Cycle 



RA~S~ 



CAS 



;<C^ 



Address 



\: 



.tcftP 






m/<5E 

I/O 
(Input) 

I/O . 
(Output) 

DSF 



t D T$ — twH H r • *»»" • — --H 

7" — \ mw//////////////M 

-r'H ^""'! l« toi «Tl 



Valid Data In 



w// /////////m 



High-Z 



t •* 

Y/A : Don't care. 



Note: *1. When WE is high level, all the data on I/Os can be written into the memor y cell . When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 

• Read-Modify-Write Cycle 



TJT/OT 



DSF 



W//////////0/////A 




y^K. 



/ 









V//// / M 

m^////////////////////////////////?, 

X//X • Don't care. 



Note: *1. When WE is high level, all the data on I/Os can be written into the memor y cell . When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534253 Series 



• Page Mode Read Cycle 



1WS 
CAT 

Address 



m 



— j— J., 1h» — .. .1 vl L tc *» H ,t v « *<•" J.f 

W*l *CAM | tjCAM *ASC ICAM 

Bzzzzz^szzzzz 



2Z^ 



Jul 



I/O 
(Output)" 



"■TZZZh 



(Input) 



2? 



DSF 



2 



tozc 



t 



t p zo 

toTM 



: w : 



t<)FF» 



Valid 
Dout 



O 



t toFM toio 



t«cs t«c H H "" **" 



7 vana k 



toFFl 



wig 



j ,., \_ 




tc»P 



tACP 



y////////// 




toFFt t| 

"#7777 



WZZ 



Valid 
Dout 



W7777 



(///////////////////////////////////, 



Y/A : Don't care. 



1 Page Mode Write Cycle (Early Write) 



TO 



m 



^ ^ Row ^ ^ Column * 
|U» U- t wg , ^ a 



is, /=v 



*Ut).^6. 



I/O 
(Output) 



TFT/OT/ 



y?m 



Ff 



. L. <CW - 



3 ^2^ t 



Valid 
Dm 



KZZZZK 



mm 



\ 



t 



,(Uh 



Valid 
Din 



mzx, 



'////////, 



rnmrt 



Valid 
Din 



ymniL 



Hlgh-Z 



w" \///////////////////////////7m/m 

Vf Hf////////////////////////////////////, 



Note: *1. When WE is high level, all the data on I/Os can be written into the memor y cell . When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534253 Series 



• Page Mode Write Cycle (Delayed Write) 



-*RAS- 



■*RC 



/ 



■*- *RCD ■ 



-^SH- 



X ASC 

*RAH 

«« *■ 



- *CAS ■ 



«*— *CP — H k-^CAS -** 



-tpc- 



I/O 
(INPUT) 



I/O 
(OUTPUT) 



DT/OE 



^TS 



*sfs-H 



UscU*- 

^CWL 






— 3EH3SXEE3B^Q^^^^ 



. *DS — ^1 -i— *DS— »-| -i— ^S— *►! - — 

U ». ■* J |-«J to H I^hJ tQH ^,J tQ H 



— *RSH 
h^AS-H 



*CWL 



<RP- 

W — 



«*- *CWL - 






• ^RWL— *• 



*/////////////////) 



^EH 



ty/////////////////. 



- zz^ c m////////////////////////////////////////////: 



T71\ ; Don't 



Note: *1. When WE is high level, all the data on I/Os can be written into the memor y cell . When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 

• RAS Only Refresh Cycle 



\ 



*CRP 



2E3 



■ *RAS 



*RC 



/ 



-*RP- 



toc 



W//////////// 



Address /Jt rqw 



*0FF1-H 
(OUTPUT^ JJjiQ' 



I/O 
(INPUT) 



^TS 



DT/OE /j/Jft 
*SF: 



*RAH 



I V///////////////////////////// 



<//////////////////////////////, 



*DTH 



V//////////////////////////Z, 



^FH 



^ 77V J//////////////////////////// 



TT7\ ; Don't c 
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HM534253 Series 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 



-*RP- 



*RPC 



X 



*CSR 



-*RC 



'»: 



-*RAS 



-*RP- 



— ^HR— 



/ 



-W- 



\ 



« wiiiiifimiiiiiiiwuiiiiiiiiinL 



(INPUT) 

I/O 
(OUTPUT) 



'/° mWHWMMWMMMlWW/ 



.HIGH-Z. 



psr '//////////////////////////////T7777777 

1771 : Don't care 



• Hidden Refresh Cycle 



\ 



. *CRP 

2r= 



-*RC 



■ *RAS 



*RCD 



*RAD 



*RAH 



7}^~V== Vm////////M////M//. 



*mmr 



i/o 

(OUTPUT) 



DT/OE 



M 



^TS 



*DZO 



(INPUT) ///flfc 
*SFS-H 



-♦H^TH 



\ 



-*RSH -** 



i<^ 



*CAH 



J^ 



-*RC- 



■ *RAS 






■ ^HR ■ 



-tRCS 



*RRHr 



KM//////////////, 



m 



W ■ 
i *CAC *- 

■*— Wc — *■ 



c 



■*DZC- 



VALID DATA OUT 






/ 



t OFF2 

«* *■ 



JSFH^ 



- 7777>- m/iw/m/u/inmnn/i 



VT\ ; Don't c 
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HM534253 Series 

• Special Read Initialization Cycle (1)*1» *2 



ms 



ess 



w 



QSF 



15T/0T 



P 



:<^ ///// /// /////// // /////////// r 
^ // / /// //// ///0///////////m 



M 



sc J 



SI/0 
(Output) 



3r 



^/// / /// // // // //////// //// /////////// , 



X Valid 
Soul 



T=A=- 



i 



jh_ 



. t t " Y//A : Don't care 



Notes: *1. When the previous data transfer cycle is a special read transfer cycle or special read initialization cycle, it is specified as 
special read initialization cycle (1). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance state.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 

• Special Read Initialization Cycle (2)*1> * 2 



CXS" 
Address ^ Row 
W 



" V 



/ 



X 



\ mrn n, 



Tmnnnmznmm 



rt\ Jini/)//i/wJJJ7w 






* W///////////// 



* 



\mnmww/hmttmnwmm/. 







^///////////////////777)^ ^77r/ 



Y//A : Don't care 



Notes: *1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is specified as special read initialization 
cycle (2). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance state.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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HM534253 Series 



• Special Read Transfer Cycle* 1 . * 2 



t«AH f 



SAM Start 
-Mas 






2» 



ESS~ 

CAT 

Address 

I/O _ 
(Output) 

<&> , i/iy i/ //!iiii/// i/ ///iiiiii//i/i/iiiiiiii 



yw//////////^///, 



■ viiiiiiiiiiini/i/niiiiiiiiiiiiiini. 



High-Z 



ITF70T 



(Output) 

SI/0 
(Input) 



m L| sow | ' 



QSF ti 
DSF 



tw 



High-Z 



Y//} : Don't care. 



Notes: *1. When QSF in low level at the faling edge of RAS, the special read transfer cycle is not performed. 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance state.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 

• Pseudo Transfer Cycle 



"RSs" 



-t^p^H t»«H , ] J cm 




SAM Start Address 



'////////////////////. 



ry/m/////////)////////////////, 



"^////////////////)/////////////////, 



t M0 t_ t »cc _ I 



SI/0 
(Input) 

SI/0 
(Output) 

QSF 








Y/A : Don't care 
IWi : Inhibit rising transient 
I/O : Don't care 



Note: *1. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 

HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



1089 



HM534253 Series 



► Write Transfer Cycle 



7*A~S~ 

CSS 
Address 






^ I!! 



SE 



(Input) 

SI/0 
(Output) 



QSF 



l »»c . IITCAM 



SAM Start 
Address 



r 



yiininniiiiiiiiiiiiii, 



™* ft" ^iiiiiiiiiiiiiiiiiliiiiiiiiiiiiiiiiiiii, 



-Ufi..- , t M0 [i|i t,cc— ^ 



MraB 



mnnzMuM 



mm 



High-Z 



F777I : Don't care 

tfVVM : Inhibit rising transient 



Note: *1. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
• Serial Read Cycle 



m 



^ iiiiini/i ////// in i/if ii/immn 



SE 



J 



J^l 



si/o v777V v»^ 

(Output) Kl I Ih. Sout 

r t, C A „ ("- 1 ) 
1 n T 




(n) 



I 



> 



(n + 1) 
. t stA 




'r^\ r 



Ur* J S0Ut 



;^zz>: 



Valid 
Sout 



: Don't care 
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HM534253 Series 



> Serial Write Cycle 



"RS5 



^ ii ii n ii ii mi nin nk — vii/mui 



i Uas 



♦^i ^M / 



3E 



sc 



1 f t SWIS , ^SWIH V 




■i s' (n + 1) \ f 



<£2> SDG2)SCZZZZZZZZ>SGZKZ 

" 8 H ll"t S .H H t S .S t $1M 



r/44 : Don't care. 



Notes: * 1 . When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
*2. Address is accessed next to addres 511. 

• Serial Read Cycle (Around Address 511 in SAM) 



sc j 


tscc _ 


t$oc 








=^4 

(510) A 




t.CA .. 


1 


(i) \ 


_p^_t 




1 






SI/0 
(Output) 


X «»> > 


(511) } 


. "> X«*" 






t«P r 






1 


i 


Qsr 




0119-25 



Note: *1. Address (i) is the SAM start address provided in the previous special read transfer cycle. When special read transfer cycle 
isn't executed (QSF remains in high level), address is accessed next to address 511. 
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HM534253 Series 



• Color Register Set Cycle (Early Write) 



"RAT 



C*S~ 



"wr 



i 



tdP. 



tM3 



twC3-i 



to 



a w/mi/iii 



et/ot 



OSF 



73 



,tpTH » 

V////////////i////M/////h 






(. '■ 



-A 



*CAS 



-. tp "»| 

02 




7// ///// / // 



y///////////////// 



Address 



L tA>w ^|^ t|>AH . ,| 



Y//X ' Don't care. 



Note: *1. The level of address pin is don't care, but cannot be changed in this period. 
• Color Register Set Cycle (Delayed Write) 



RfiS" 



CAS 



m 



w g 



.* 



-»-t»wi-H 



/ 



: &/////////////. 






(Input) 



BT/OE 



DSF 



> 11 WI IIII H I IIt lUWW/ lltlllt 

#~^ Tv /// /// / //// //// / ///////////// 



77 ^^/////////////////////////////, 



'. Don't care. 



Note: *1. The level of address pin is don't care, but cannot be changed in this period. 
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HM534253 Series 



1 Flash Write Cycle 



WS 



CS5 



Address 



WE 



\ 



m 



f 



TM 



m 'tW m 



I'LJ, 



mMMMMMMM 



Row 
Address. 



W//////////////////////77W/. 



TMt' -^MW///////////////////////, 



5> wfiSlBZBMMMfflm 



(Input) 



T5T/0T 



DSF 



J"* *OTH 






\ j////////////m///////////////, 



i 



mMMMMMMM 

Y//\ '• Don't care. 
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HM534253A Series 

262,144-Word x 4-Bit Multiport CMOS Video RAM 
■ DESCRIPTION 

The HM534253A is a 1-Mbit multiport video RAM equipped with a 256k-word x 
4-bit dynamic RAM and a 512-word x 4-bit SAM (serial access memory). Its RAM 
and SAM operate independently and asynchronously. It can transfer data between 
RAM and SAM and has a logic operation mode by internal logic-arithmetic unit and 
a write mask function. In addition, it has two modes to realize fast writing in RAM. 
Block write and flash write modes clear the data of 4-word x 4-bit and the data of 
one row (512-word x 4-bit) respectively in one cycle of RAM. And the HM534253A 
makes split transfer cycle possible by dividing SAM into two split buffers equipped 
with 256-word x 4-bit each. This cycle can transfer data to SAM which is not active, 
and enables a continuous serial access. 



Preliminary 



I FEATURES 

Multiport Organization 

Asynchronous and Simultaneous Operation of RAM 

RAM: 256k-word x 4-bit and SAM: 512-word x 4-bit 
1 Access Time 

RAM 

SAM 

' Cycle Time 

RAM 

SAM 

• Low Power 

Active RAM 

SAM 

Standby 

> High-Speed Page Mode Capability 
1 Logic Operation Mode Capability 

■ Mask Write Mode Capability 

» Bidirectional Data Transfer Cycle between RAM and 

SAM Capability 
» Split Transfer Cycle Capability 

> Block Write Mode Capability 

• Flash Write Mode Capability 

• 3 V ariatio ns of Refresh (8 ms/512 cycles) 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

> TTL Compatible 

I PIN DESCRIPTION 



and SAM Capability 



.80 ns/ 100 ns (max) 
..25 ns/25 ns (max) 



.150 ns/190 ns (min) 
...30ns/30 ns (min) 



HM534253AJ Series 




(CP-28D) 



HM534253AZ Series 




(ZP-28) 



, .360mW (max) 
.275 mW (max) 
.38.5 mW (max) 



Pin Name 


Function 


Ao-Ag 


Address Inputs 


I/O0-I/O3 


RAM Port Data Inputs/Outputs 


SI/O0-SI/O3 


SAM Port Data Inputs/Outputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Write Enable 


DT/OE 


Data Transfer/Output Enable 


SC 


Serial Clock 


SE 


SAM Port Enable 


DSF 


Special Function Input Flag 


QSF 


Special Function Output Flag 


v C c 


Power Supply 


v S s 


Ground 


NC 


No Connection 



■ PIN OUT 






HM534253AJ Series 


sc c 


1 


28 


3 Vss 


si/00 c 


2 


27 


3 SI/03 


SI/01 c 


3 


26 


3SI/02 


DT/0Et 


4 


25 


3 ST 


1,00 c 


5 


24 


3 W03 


101 c 


6 


23 


3V02 


w z 


7 


22 


DDSF 


NC C 


8 


21 


3 CAS 


nss~ q 


9 


20 


J QSF 


A3 c 


10 


19 


3 AO 


as d 


11 


18 


DA1 


A5 H 


12 


17 


DA2 


A4 H 


13 


16 


DA3 


Voc ^ 


14 


15 


DA7 








0086-1 


(Top View) 



HM534253AZ Series 



L02 2 






"ST 4 
SLOS 6 
SC 8 
SI01 10 






IO0 12 
VVE" 14 
RAS~ 16 
A5 18 
A4 20 
A7 22 
A2 24 
A0 26 
C7S" 28 













I DSF 
3 KD3 
5 SI/02 
7 Vss 

9 SIXD0 

II "DT/C5E" 
13 IAD1 

15 NC 

17 A3 

19 A5 

21 Vcc 

23 A3 

25 A1 

27 QSF 



(Bottom View) 



ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HM534253AJ-8 
HM534253AJ-10 


80 ns 
100 ns 


400 mil 28-pin 
Plastic SOJ 
(CP-28D) 


HM534253AZ-8 
HM534253AZ-10 


80 ns 
100 ns 


400 mil 28-pin 
Plastic ZIP 
(ZP-28) 
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BLOCK DIAGRAM 



A0-A8 



Column Address 
Buffer 



Row Address 
Buffer 



r 



Refresh 
Counter 



Row Decoder 



£2 



So 

-* is 

o o 

COU 



Serial Address 
Counter 



~[>oQSF 



Memory Array 





QJ 


CD 


— 




a) 






*+- 






T3 




C OJ 


Qa: 




GQ 
O 


C 

u 
ou 
Q 
c 










E 




QJ 


QJ 




< 


o 

U 






c <u 


<tj.£ 




in 


S 




<T> *jj 


T> QJ 






< 




h-U 


Go: 






in 










r 



Input Data 
Control 



^£ 



±, t 



O QJ 



± t 



Logic Operation 
Unit 



+ 1 



Serial Output 
Buffer 



Serial Input 
Buffer 



SI/OO-SI/03 



Input 
Buffer 



Output 
Buffer 



Timing Generator 



1 — r^ 

I/00-I/03 



i< i< I 

k lu fe 



£ In U 

IS Q ^ 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



1095 



HM534253A Series 



■ PIN FUNCTIONS 

RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address a nd sig nals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of these signals determine the operation cycle of 
the HM534253A. 

CAS (input pin): Column address and DSF signal are fetched 
into chip at the falling edge of CAS, which determines the 
operation mode of HM534253A. CAS controls output imped- 
ance of I/O in RAM. 

A0-A8 (input pins): Row a ddres s is determined by Aq-As 
level at the falling edge of RAS. Column a ddres s is deter- 
mined by Ao-Ae level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 

W E (inp ut pin): WE pin has two functions at the falling edge 
of R AS and after. When WE is low at the falling edge of 
RAS, the HM534253A turns to mask write mode. According 
to the I/O level at the time, write on each I/O can be 
masked. (WE level at the falling edge of RAS is don't care in 
read cycle.) When WE is high at the falling edge of RAS, a 
normal write cycle is executed. After that, WE switches 
read/write cycles as in a standard DRAM. In a transfer cy- 
cle, the direction of tra nsfer is determined by WE level at 
the falling edge of RAS. When WE is low, data is transferred 
from SAM to RAM (data is written into RAM), and when WE 
is high, data is transferred from RAM to SAM (data is read 
from RAM). 

I/O0-I/O3 (input/output pi ns): I/O pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only to high I/O pins. Data on low I/O pins are 
masked and internal data are retained. After that, they func- 
tion as input/output pins as those of a standard DRAM. In 

• Table 1. Operation Cycles of the HM534253A 



block write cy cle, th ey function as address mask data at the 
falling edge of CAS. 

DT/OE (input pin): DT/OE pin func tions as DT (data trans- 
fer) pin at the falling edge_of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle beco mes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 

SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data outputs from an Sl/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an Sl/O 
pin at the rising edge of SC is fetched into the SAM data 
register. 

SE (input pin): SE pin activates SAM. When SE is high, Sl/O 
is in the high impedance state in serial read cycle and data 
on Sl/O is not fetched into the SAM data register in serial 
write cycle. SE can be used as a mask for serial write be- 
cause internal pointer is incremented at the rising edge of 
SC. 

SI/O0-SI/O3 (input/output pins): Sl/Os are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
Sl/O outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, Sl/O inputs data. 

DSF (input pin): DSF is a special functi on da ta input flag pin. 
It is set to high at the falling edge of RAS when new func- 
tions such as color register read/write, split transfer, and 
fla sh w rite, are used. DSF is set to high at the falling edge 
of CAS when block write is executed. 

QSF (output pin): QSF outputs data of address A8 in SAM. 
QSF is switched from low to high by accessing address 255 
in SAM and from high to low by accessing 511 address in 
SAM. 



Input Level at the Falling Edge of RAS 


DSF at the Falling 
Edge of CAS 


Operation Mode 


CAS 


DT/OE 


WE 


SE 


DSF 


L 


X 


L 


X 


X 


— 


Logic Operation Set/Reset 


L 


X 


H 


X 


X 


— 


CBR Refresh 


H 


L 


L 


L 


L 


X 


Write Transfer 


H 


L 


L 


H 


L 


X 


Pseudo Transfer 


H 


L 


L 


X 


H 


X 


Split Write Transfer 


H 


L 


H 


X 


L 


X 


Read Transfer 


H 


L 


H 


X 


H 


X 


Split Read Transfer 


H 


H 


L 


X 


L 


L 


Read/Mask Write 


H 


H 


L 


X 


L 


H 


Mask Block Write 


H 


H 


L 


X 


H 


X 


Flash Write 


H 


H 


H 


X 


L 


L 


Read/Write 


H 


H 


H 


X 


L 


H 


Block Write 


H 


H 


H 


X 


H 


X 


Color Register Read/Write 



Note: X; Don't care. 
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■ OPERATION OF HM534253A 

• RAM Read Cycle (DT/OE high, CAS high and DSF low a t 
the falling edge of RAS, DSF low at the falling edge of CAS) 

Row address is en tered at the RAS falling edge and col- 
umn address at the CAS falling edge to the device as in 
stand ard D RAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected a ddres s data output s thro ugh 
I/O pin. At the falling edge of RAS, DT/OE and CAS be- 
come high to distinguish RAM read cycle from transfer cycle 
and CBR refresh cycle. Address access time (tAA) and RAS 
to column address delay time (Irad) specifications are add- 
ed to enable high-speed page mode. 

• RAM Write Cycle (Early Write, Delayed Write, 
Read-Modify-Write) 

(DT/OE high, CAS high and DSF low at the falling edge of 
RAS, DSF low at the falling edge of (CAS) 

• Norm al Mode Write Cycle (WE high at the falling edge of 
RAS) 

When CAS and WE are set low after driving RAS low, a 
write cycle is executed and I/O data is written in the select- 
ed addresses. When all 4 l/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before CAS falling edge, this cycle be- 
comes an early write cycle and I/O becomes in high imped- 
ance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling. 
I/O does not become high impedance in this cycle, so data 
should be entered with OE in high. 

K WE is set low after tcwD (min) and *AWD (min) after the 

CAS falling edge, this cycle becomes a read-modify-write cy- 
cle and enables read/write at the same address in one cy- 
cle. In this cycle also, to avoid I/O contention, data should 
be input after reading data and driving OE high. 

• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode which writes only to selected I/O. 
Whether or not an I/O is written depends on I/O level (mask 
data) at the falling edge of RAS. Then the data is written in 
high I/O pins and masked in low ones and inte rnal d ata is 
retained. This mask data is effective during the RAS cycle. 
So, in high-speed page mode, the mask data is retained dur- 
ing the page access. 

• High-Speed Page Mode Cycl e (D T/OE high, CAS high 
and DSF low at the falling edge of RAS) 

High-speed page mode cycle reads/writes the data of the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle. In this cycle, read, write, and block write cyc les can 
be mixed. Note that address access time ^aa), RAS to col- 
umn address delay time (tRAD). and acces s time from CAS 
precharge (tACp) are added. In one RAS cycle, 512-word 
memory cells of the same row address can be accessed. It 
is necessary to specify access frequency within tRASP m ax 

(100 JLLS). 



• Color Register Set/Read Cycle (CAS hi gh, D T/OE 
high, WE high and DSF high at the falling edge of RAS) 

In color register set cycle, color data is set to the internal 
color register used in flash write cycle or block write cycle. 4 
bits of internal color register are provided at each I/O. This 
register is composed of static circuits, so once it is set, it 
retains the data until reset. Color register set cycle is just as 
same as the usual write cycle except that DSF is set high at 
the falling edge of RAS, and read, early write and delayed 
write cycle can be executed. In this cycle, HM53425 3A re - 
freshes the row address fetched at the falling edge of RAS. 

• Flash Write Cycle (CAS high, DT/OE high, WE low and 
DSF high at the falling edge of RAS) 

In a flash write cycle, a row of data (512-word x 4-bit) is 
cleared to or 1 at each I/O according to the data of color 
register mentioned befor e. It is_also_necessary to mask I/O 
in this cycle. When CAS and DT/OE i s set high, WE is low, 
and DSF is high at the falling edge of RAS, this cycle starts. 
Then, the row address to clear is given to row address and 
mask data is given to I/O. Mask data is as same as that of 
a RAM write cycle. High I/O is cleared, low I/O is not 
cleared and the internal data is retained. Cycle time is the 
same as those of RAM read/write cycles, so all bits can be 
cleared in 1/512 of the usual cycle time. (See figure 1.) If 
this cycle is executed in logic operation mode described lat- 
er, the logic operation mode is reset only in the cycle and 
masked data in this cycle is written. 

• Block Write Cycle (CAS high, DT/OE high and DSF low 
at th e falling edge of RAS, DSF high at the falling edge of 
CAS) 

In a block write cycle, 4 columns of data (4-word x 4-bit) 
is cleared to or 1 at each I/O according to the data of 
color register. Column addresses A0 and A1 are disregard- 
ed. The data on l/Os and addr esses can be masked. I/O 
level at the falling edge of CAS determines the address to 
be cleared. (See figure 2.) If this cycle is executed in logic 
operation mode described later, the logic operation mode is 
reset only in the cycle and masked data in this cycle is writ- 
ten. 

• Normal Mod e Block Write Cycle (WE high at the falling 
edge of RAS) 

The data on 4 l/Os are all cleared when WE is high at 
the falling edge of RAS. 

• Mask Block Write Mode (WE low at the falling edge of 
RAS) 

When WE is low at the falling edge of RAS, HM534253A 
starts mask block write mode to clear the data on an option- 
al I/O. The mask data is the same as that of a RAM write 
cycle, High I/O is cleared, low I/O is not cleared and the 
intern al data is retained. The mask data is available in the 
RAS cycle. In page mode block write cycle, the mask data is 
retained during the page access. 
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Color Register Set Cycle 

4 ► 



RAS 

CAS 

Addi 

WE 
D770J 



Flash Write Cycle 
4 ► 



DSF f 
I/O 



Flash Write Cycle 

A ► 



Set color register 



Execute flash write into each 
I/O on row address Xi using 
color register. 



Execute flash write into 
each I/O on row address 
Xj usiig color register. 



Note: *1. I/O Mask Data 
Low: Mask 
High: Non Mask 



Figure 1. Use of Flash Write 



RAS 



CAS 



8lock Write Cycle 



Block Write Cycle 



r 



\ / 



a r 



a r 




Note: '1 



WE 


I/O 


Mode 


Low 


I/O Mask Data 


Mask 


High 


Don't Care 


Non Mask 



I/O Mask Data 
Low: Mask 
High: Non Mask 

Address Mask Data 



I/Oo 


ColumnO (A0 = 0,A1=0) Mask Data 


Low: Mask 


I/Oi 


Columnl (AO = 1 , A 1 - 0) Mask Data 


i/o 2 


Column2 (AO = 0, Al = 1) Mask Data 


High: Non Mask 


I/o 3 


Column3 (AO = 1, Al = 1) Mask Data 



Figure 2. Use of Block Write 
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• Transfer Operation 

The HM534253A provides the read transfer cycle, split 
read transfer cycle, pseudo transfer cycle, write transfer cy- 
cle and split write transfer cycle as data transfer cycles. 
These transfer cycles are set by dr iving CAS high and 
DT/OE low at the falling edge of RAS. They have following 
functions: 

(1) Transfer data between row address and SAM data regis- 
ter (except for pseudo transfer cycle). 

Read transfer cycle and split read transfer cycle: RAM 
to SAM 

Write transfer cycle and split write transfer cycle: SAM 
to RAM 

(2) Determine Sl/O state (except for split read transfer cycle 
and split write transfer cycle). 

Read transfer cycle: Sl/O output 

Pseudo transfer cycle and write transfer cycle: Sl/O 
input 

(3) Determine first SAM address to access after transferring 
at column address (SAM start address). 

SAM start address must be determined by read trans- 
fer cycle or pseudo transfer cycle (split transfer cycle 
isn't available) before SAM access, after power on, and 
determined for each transfer cycle. 

Read Transfer Cycle (CAS high, DT/OE low, WE high and 
DSF low at the falling edge of RAS) 

This cycle becomes read transfer cycle by drivi ng DT /OE 
low, WE high and DSF low at the falling edge of RAS. The 
row address data (512 x 4-bit) determined by this cycle is 
transferred to SAM data register synchronously at the rising 
edge of DT/OE. After the rising edge of DT/OE, the new 
address data outputs from SAM start address determined by 
column address. In read transfer cycle, DT/OE must be ris- 
en to transfer data from RAM to SAM. 

This cycle can access SAM even during transfer (real 
time read transfer). In this case, the timing tsoD ( min ) speci- 
fied _between the last SAM access before transfer and 
DT/OE rising edge and tsDH (min) specified between the 
first SAM access and DT/OE rising edge must be satisfied. 
(See figure 3.) 



When read transfer cycle is executed, Sl/O becomes out- 
put state by first SAM access. Input must be set high imped- 
ance before tszs (^in) of the first SAM access to avoid data 
contention. 

Pseudo Transfer Cycle (CAS high, DT/ OE l ow, WE low, 
SE high and DSF low at the falling edge of RAS) 

Pseudo transfer cycle switchs Sl/O to input state and set 
SAM start address withou t data transferee- RAM. 

This cycle starts when CAS is high, DT/OE lo w. W E low, 
SE high and DSF low at the falling edge of R AS. D ata 
should be input to Sl/O later than tsio (min) after RAS be- 
comes low to avoid data contention. SAM access becomes 
enabled after tsRD (min) after RAS b ecom es high. In this cy- 
cle, SAM access is inhibited during RAS low, therefore, SC 
must not be risen. 

Write Transfer Cycle (CAS high, D T/OE low, WE low, SE 
low and DSF low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address for serial write after terminating this cycle. Also in 
this c ycle, SAM access becomes enabled after tsRD (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC must not be risen. Data trans- 
ferred to SAM by read transfer cycle or split read transfer 
cycle can be written to other addresses of RAM by write 
transfer cycle. However, the address to write data must be 
the same as that of the read transfer cycle or the split read 
transfer cycle (row address AX8). 

Split Read Transfer Cycle (CAS high, DT/OE low, WE 
high and DSF high at the falling edge of RAS) 

To execute a continuous serial read by real time read 
transfer, HM534253A must satisfy SC and DT/OE timings 
and requires an external circuit to detect SAM last address. 
Split read transfer cycle makes it possible to execute a con- 
tinuous serial read without the above timing limitation. Figure 
4 shows the block diagram for a split transfer. SAM data 
register (DR) consists of 2 split buffers, whose organizations 
are 256-word x 4-bit each. Let us suppose that data is read 
from upper data register DR1 (The row address AX8 is 




X Xi X Yj X ~ 



tsDO 



SC 
SI/0 



^tso^ 



I X X X )C 

SAM Data before Transfer 



XZjEJCiEl 



SAM Data after Transfer 




Figure 3. Real Time Read Transfer 
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and SAM address A8 is 1). When split read transfer is exe- 
cuted setting row address AX8 and SAM start addresses 
AO to A7, 256-word x 4-bit data are transferred from RAM to 
the lower data register DRO (SAM address A8 is 0) automat- 
ically. After data are read from data register DR1 , data start 
to be read from SAM start addresses of data register DRO. If 
the next split read transfer isn't executed while data are 
read from data register DRO, data start to be read from SAM 
start address of DR1 after data are read from data register 
DRO. If split read transfer is executed setting row address 
AX8 1 and SAM start addresses AO to A7 while data are 
read from data register DR1, 256-word x 4-bit data are 
transferred to data register DR2. After data are read from 
data register DR1, data start to be read from SAM start ad- 
dresses of data register DR2. If the next split read transfer 
isn't executed while data are read from data register DR2, 
data start to be read from SAM start address of data reg- 
ister DR3 after data are read from data register DR2. In this 
time, SAM data is the one transferred to data register DR3 



finally while row address AX8 is 1 . In split read data transfer, 
the SAM start address A8 is automatically set in the data 
register which isn't used. 

The data on SAM address A8, which will be accessed 
next, outputs to QSF, QSF is switched from low to high by 
accessing SAM last address 255 and from high to low by 
accessing address 511. 

Split read transfer cycle is set when CAS is high, DT/OE 
is low, WE is high and DSF is high at the falling edge of 
RAS. The cycle can be executed asynchronously with SC. 
However, HM534253A must be satis fied tsTS ( min ) timing 
specified between SC rising and RAS falling. SAM start ad- 
dress must be accessed, satisfying tpts T (mi n), Jcsj ( mir >) 
and t^ST ( m ' n ) timings specified between RAS or CAS falling 
and column address. (See figure 5.) 

In split read transfer, Sl/O isn't switched to output state. 
Therefore, read transfer must be executed to switch Sl/O to 
output state when the previous transfer cycle is pseudo 
transfer or write transfer cycle. 
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Figure 4. Block Diagram for Split Transfer 
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Figure 5. Limitation in Split Transfer 
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Split Write Transfer Cycle (CAS high, DT/OE low, WE low 
and DSF high at the falling edge of RAS). 

A continuous serial write cann ot be executed because ac- 
cessing SAM is inhibited during RAS low in write transfer. 
Split write transfer cycle makes it possible. In this cycle, tsTS 
(min), tRsi (min), tcsT ( min ) and *ast ( m ' n ) timings must be 
satisfied like split read transfer cycle. And it is impossible to 
switch Sl/O to input state in this cycle. If Sl/O is in output 
state, pseudo transfer cycle should be executed to switch 
Sl/O into input state. Data transferred to SAM by read trans- 
fer cycle or split read transfer cycle can be written to other 
addresses of RAM by split write transfer cycle. However, 
pseudo transfer cycle must be executed before split write 
transfer cycle. And the MSB of row address (AX8) to write 
data must be the same as that of the read transfer cycle or 
the split read transfer cycle. 

• SAM Port Operation 
Serial Read Cycle 

SAM port is in read mode when the previous data trans- 
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from Sl/O. When SE is 
set high, Sl/O becomes high impedance, and the internal 
pointer is incremented by the SC rising. After indicating the 
last address (address 511), the internal pointer indicates ad- 
dress at the next access. 

Serial Write Cycle 

If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, Sl/O data is fetched into data register at the SC rising 
edge like in the serial read cycle. If SE is high, Sl/O data 
isn't fetched into data register. Internal pointer is increment- 
ed by the SC rising, so SE high can be used as mask data 
for SAM. After indicating the last address (address 511), the 
internal pointer indicates address at the next access. 

• Refresh 
RAM Refresh 

RAM, which is composed of dynamic circuits, requires re- 
fresh to retain data. Refresh is executed by accessing all 
512 row addr esses within 8 ms. Th ere ar e three refre sh cy- 
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required when all row addresses are ac- 
cessed within 8 ms. 

(1) RAS Only Refresh C ycle: RAS only re fresh cycle is exe- 
cuted by activating only RAS cycle with CAS fixed to high 
after inputting the row address (= refresh address) from ex- 
ternal_circuits. To distinguish this cycle from da ta tra nsfer cy- 
cle, DT/OE must be high at the falling edge of RAS. 

(2) CBR Refres h Cyc le: CBR refresh cycle is set by activat- 
ing CAS before RAS. In this cycle, refresh address need not 
to be input through external circuits because it is input 



through an internal refresh counter. In this cycle, output is in 
high impedance and power dissipation is lowered because 
CAS circuits don't operate. 

To distinguish this cycle from logic oper ation set/reset cy- 
cle, WE must be high at the falling edge of RAS. 

(3) Hidden Refresh Cycle: Hidden refresh cycl e exe cutes 
CBR refres h with the data output by reactivating RAS when 
DT/OE and CAS keep low in normal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift register and selector), or- 
ganized as fully static circuitry, require no refresh. 

• Logic Operation Mode 

The HM534253A supports logic operation capability on 
RAM port. It executes logic operation between the memory 
cell data and external input data in logic operation mode 
write cycle, and writes the result into the memory cell (read- 
modify-write). This function realizes high speed raster opera- 
tions and simplifies peripheral circuits for raster operations. 

Logic Operation S et/R eset Cycle (CAS low and WE low 

at the falling edge of RAS). 

In logic operation set/reset cycle, the following operations 
are executed at the same time; 1 . Selection of logic opera- 
tions and logic operation mode set/reset, 2. Mask data pro- 
gramming, 3. CBR refresh. 

Figure 6 shows the timin g for logic operation set/reset cy- 
cle. This cycl e sta rts when CAS and WE are low at the fall- 
ing edge of RAS. In this cycle, logic operation codes and 
mask data are programmed by r ow ad dress and I/O pin re- 
spectively at the falling edge of RAS. When write cycle is 
executed after this cycle, the logic operation write cycle 
starts. In the logic operation mode, the specification of cycle 
time is longer than that of normal mode because read-modi- 
fy-write cycle, which writes the operation result of external 
data and memory cell data into memory cell, is executed in- 
ternally. In this cycle, logic operation codes and mask data 
programmed are avail able u ntil reprogrammed. Mask data is 
available only for one RAS cycle, in mask write cycle, mask 
block write cycle and flash write cycle. Here, the mask data 
programmed in mask write cycle, mask block write cycle and 
flash write cycle is named as "temporary mask data" and 
the one programmed in logic operation set/reset cycle is 
named as "mask data". 

• Selection of Logic Operations and Logic Operation Mode 
Set/ Reset 

Table 2 shows the logic operations. One operation is se- 
lected among sixteen ones by combinations of A0-A3 levels 
at the falling edge of RAS. (A4-A8 are Don't care.) Logic op- 
eration codes (A3, A2, A1, A0) = (0,1,0,1)(THROUGH) resets 
the logic operation mode. When write cycle is executed after 
that, normal write cycle starts. However, even in this case, 
mask data is s till av ailable. I/O must be at high level at the 
falling edge of RAS in logic operation set/reset cycle when 
mask data is not used. 
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• Mask Data Programming 

High/low level of I/O at the falling edge of RAS functions 
as mask data. When I/O is high, the data is written in write 
cycle. When I/O is low, the input data is masked and the 
same memory cell data remains. Mask data, programmed in 
this cycle, is available until reprogrammed. It is advanta- 
geous when the same mask data continues. 



Also, temporary mask data can be programmed by falling 
WE at the falling edge of RAS in logic operation mode cycle, 
after mask data is programmed. The temporary mask data is 
available only for one cycle. 

Logic operation is reset during temporary mask write cy- 
cle. It means that external input data is written into I/O 
whose temporary mask data is 1 . (See figure 7.) These func- 
tions are useful when RAM port is divided into frame buffer 
area and data area, as they save the need to reprogram log- 
ic operation codes and mask them. 



Figure 6. Logic Operation Set/Reset 





_ \ 

RAS 


/ 


CAS \ L / 


i 


A0-A3 X I .^cnc Code X 






WE \ ' L / 


I/00-I/03 X Mask Data A 




0086-9 



• Table 2. Logic Code 












Logic Code 


Symbol 


Write Data 


Note 


A3 


A2 


Al 


A0 














ZERO 
















1 


AND1 


Di*Mi 










1 





AND2 


Di*Mi 


Logic Operation Mode Set 








1 


1 


— 


Mi 







1 








AND3 


Di«Mi 







1 





1 


THROUGH 


Di 


Logic Operation Mode Reset 





1 


1 





EOR 


Dm Mi + Di^Mi 







1 


1 


1 


OR1 


Di + Mi 















NOR 


Di*Mi 












1 


ENOR 


Di«Mi + Di*Mi 









1 





INV1 


Di 


Logic Operation Mode Set 







1 


1 


OR2 


Di + Mi 




1 








INV2 


Ml 






1 





1 


OR3 


Di + Mi 






1 


1 





NAND 


Di + Mi 






1 


1 


1 


ONE 


1 





Notes: Di: External Data-in. 

Mi: The data of the memory cell. 
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Logic operation 
set/reset cycle 


Write cycle 


Write cycle 


Write cycle 


Write cycle 


RAS 




* r 


v. n 


\ / 

'-\ I" 


I r 


\ 


r 








CAS 


- / 


A 1 


A 1 


\ 


/ 
















WE 


w 


A 


- / 


A / 


/ 








"0"Write 








I/OO 




,\ 


Masked / 


"l"Wnte 


'0"Wnte 












I/Ol 


a 


Masked 


"l"Write 


Masked 
Masked 




Masked 






"L" 




1/02 


Masked / 


\ "0"Wnte 


/ 


Masked 










Masked 


"0"Write 




1/03 




"H" 


"1 "Write \ 


/ 


•1 "Write 










Logic 


— 


AND1 


THROUGH 


AND1 


AND1 


Remarks 


Mask data are 
set to 1/01 and 
I/02. 

Logic code 
"AND1"isset. 




Temporary 
mask data is set, 
and valid only 
in this cycle. 
(I/OO and 1/03 
are masked.) 







Figure 7. 2 Types of Mask Write Function and Logic Operation Function 
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Logic Operation Mode Write Cycle (Early Write, Delayed 
Write and Page Mode) 

Write cycle after logic operation set cycle is logic opera- 
tion mode write cycle. However, this mode is reset in block 
write, mask block write, flash write, and mask write cycle. In 
logic operation mode write cycle, the following read-modify- 
write operation is executed internally. 

(1) Reading memory cell data in given address into internal 
bus. 



(2) Executing operation between the data given in I/O pin 
and memory cell data. 

(3) Writing the result of (2) into address given by (1). 

Figure 8 shows the sequence of raster operation. Raster 
operation which needs 3 cycles (destination read, operation 
and destination write) in normal mode can be executed in 
one write cycle of logic operation mode. It makes raster op- 
eration faster and simplifies peripheral hardware for raster 
operation. 



Execute logic operation set/reset cycle I 



Read 1-word source data 



Read 1-word source data 



Read 1-word destination data 



Execute logic operation between 
source data and destination data 



N/ 



Write the result of operation into 
the destination address 



Write the read data into the 
destination address 



(a) Normal Mode 



(b) Logic Operation Mode 



Figure 8. Sequence of Raster Operation 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Note 


Terminal Voltage 


V T 


-1.0 to +7.0 


V 


1 


Power Supply Voltage 


Vcc 


-0.5 to +7.0 


V 


1 


Power Dissipation 


P T 


1.0 


w 




Operating Temperature 


Topr 


to + 70 


°c 




Storage Temperature 


T stg 


- 55 to + 125 


°c 





Note: 1. Relative to V S s- 

■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


Vil 


-0.5 


— 


0.8 


V 


1,2 



Notes: 



1. All voltages referenced to Vgs- 

2. - 3.0V for pulse width < 10 ns. 
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• DC Electrical Characteristics (T A = 


= to + 70°C, V C c = 5V ±10%, V S s = 0V) 




Parameter 


Symbol 


HM534253A-8 


HM534253A-10 


Unit 


Test Conditions 


Min 


Max 


Min 


Max 


RAM Port 


SAM Port 


Operating 
Current 


!CC1 


— 


65 


— 


50 


mA 


RAS, CAS 

Cycling 
t RC = Min 


SC = V IL ,SE = V IH 


!CC7 


- 


115 


- 


100 


mA 


SE = V IL , SC Cycling 
tsoc = Min 


Standby 
Current 


ICC2 


— 


7 


— 


7 


mA 


RAS, CAS 
= V m 


SC = V IL ,SE = V IH 


ICC8 


- 


50 


- 


50 


mA 


SE = V IL , SC Cycling 
tsoc = Min 


RAS Only 


ICC3 


— 


65 


— 


50 


mA 


RAS Cycling 
CAS = V IH 

tRC - Min 


SC = V IL ,SE = V IH 


Refresh 
Current 


!CC9 


- 


115 


- 


100 


mA 


SE = V IL , SC Cycling 
tsoc = Min 


Page Mode 
Current 


!CC4 


— 


70 


— 


65 


mA 


CAS Cycling 
RAS = V IL 
tpc — Min 


SC = V IL ,SE = V IH 


!CC10 


- 


120 


- 


115 


mA 


SE = V IL , SC Cycling 
tsoc = Min 


CAS Before 


Jccs 


— 


55 


— 


40 


mA 


RAS Cycling 
t RC = Min 


SC = V IL ,SE = V IH 


RAS Refresh 
Current 


Ice 11 


- 


105 


- 


90 


mA 


SE = V IL , SC Cycling 
tsoc = Mm 


Data 


!CC6 


— 


75 


— 


60 


mA 


RAS, CAS 

Cycling 
t RC = Min 


SC = V IL ,SE = Vm 


Transfer 
Current 


ICC12 


- 


125 


- 


110 


mA 


SE = V IL , SC Cycling 
tsoc = Min 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


juA 




Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


juA 




Output High 
Voltage 


VOH 


2.4 


- 


2.4 


- 


V 


lOH = - 2 mA 


Output Low 
Voltage 


Vol 


- 


0.4 


- 


0.4 


V 


I OL = 4.2 mA 



Note: 1. Ice depends on output loading condition when the device 
• Capacitance (T A = 25°C, Vcc = 5V, f = 1 MHz, Bias: Clock, 



is selected, Ice max * s specified at the output open condition. 
I/O = Vcc, Address = V S s) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Address 


Cn 


— 


— 


5 


pF 


Clock 


Cl2 


— 


— 


5 


pF 


I/O, SI/O, QSF 


c i/o 


— 


— 


7 


pF 
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• AC Characteristics (Ta 
Test Conditions 



to + 70°C, V C c = 5V ±10%, V S s = 0V)L 16 



Input Rise and Fall Time 
Output Load 

Input Timing Reference Levels 
Output Timing Reference Levels 



5 ns 
See figures 
0.8V, 2.4V 
0.4V, 2.4V 



Output Load (A) 
I 0H =-2mA +5V 

I i=4.2mA 



I/O 



■lOOpF'i 



V, W/. 




Output Load (B) 
I 0H =-2mA 



+5V 



I 0L =4.2mA 



SI/0 



^ 




Note: *1. Including scope and jig. 
Common Parameter 



Parameter 


Symbol 


HM534253A-8 


HM534253A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


*RC 


150 


— 


190 


— 


ns 




RAS Precharge Time 


tRP 


60 


— 


80 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


20 


— 


25 


— 


ns 




Ro|v Address Setup Time 


*ASR 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


15 


— 


ns 




Column Address Setup Time 


tASC 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


60 


25 


75 


ns 


2 


RAS Hold Time Referenced to CAS 


tRSH 


20 


— 


25 


— 


ns 




CAS Hold Time Referenced to RAS 


*CSH 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


ns 




Transition Time (Rise to Fall) 


t T 


3 


50 


3 


50 


ns 


3 


Refresh Period 


tREF 


— 


8 


— 


8 


ms 




DT to RAS Setup Time 


*DTS 





— 





— 


ns 




DT to RAS Hold Time 


tDTH 


10 


— 


15 


— 


ns 




DSF to RAS Setup Time 


*FSR 





— 





— 


ns 




DSF to RAS Hold Time 


tRFH 


10 


— 


15 


— 


ns 




DSF to CAS Setup Time 


tFSC 





— 





— 


ns 




DSF to CAS Hold Time 


tCFH 


15 


— ^ 


20 


— 


ns 




Data-in to CAS Delay Time 


tDZC 





— 





— 


ns 


4 


Data-in to OE Delay Time 


tDZO 





— 





— 


ns 


4 


Output Buffer Turn-off Delay 
Referenced to CAS 


k)FFl 


- 


20 


- 


25 


ns 


5 


Output Buffer Turn-off Delay 
Referenced to OE 


tOFF2 


- 


20 


- 


25 


ns 


5 
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Read Cycle (RAM), Page Mode Read Cycle 



Parameter 


Symbol 


HM534253A-8 


HM534253A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


ns 


6,7 


Access Time from CAS 


tCAC 


— 


20 


— 


25 


ns 


7,8 


Access Time from OE 


tOAC 


— 


20 


— 


25 


ns 


7 


Address Access Time 


*AA 


— 


40 


— 


45 


ns 


7,9 


Read Command Setup Time 


tRCS 





— 





— 


ns 




Read Command Hold Time 


tRCH 





— 





— 


ns 


10 


Read Command Hold Time 
Referenced to RAS 


*RRH 


10 


- 


10 


- 


ns 


10 


RAS to Column Address Delay Time 


tRAD 


15 


40 


20 


55 


ns 


2 


Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


ns 




Column Address to CAS Lead Time 


tCAL 


40 


— 


45 


— 


ns 




Page Mode Cycle Time 


tpc 


50 


— 


55 


— 


ns 




CAS Precharge Time 


*CP 


10 


— 


10 


— 


ns 




Access Time from CAS Precharge 


*ACP 


— 


45 


— 


50 


ns 




Page Mode RAS Pulse Width 


tRASP 


80 


100000 


100 


100000 


ns 




Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 


Parameter 


Symbol 


HM534253A-8 


HM534253A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 


ns 


11 


Write Command Hold Time 


twCH 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


tCWL 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 


ns 


12 


Data-in Hold Time 


*DH 


15 


— 


20 


— 


ns 


12 


WE to RAS Setup Time 


tws 





— 





— 


ns 




WE to RAS Hold Time 


tWH 


10 


— 


15 


— 


ns 




Mask Data to RAS Setup Time 


*MS 





— 





— 


ns 




Mask Data to RAS Hold Time 


tMH 


10 


— 


15 


— 


ns 




OE Hold Time Referenced to WE 


tOEH 


20 


— 


25 


— 


ns 




Page Mode Cycle Time 


tpc 


50 


— 


55 


— 


ns 




CAS Precharge Time 


*CP 


10 


— 


10 


— 


ns 




CAS to Data-in Delay Time 


tCDD 


20 


— 


25 


— 


ns 


13 


Page Mode RAS Pulse Width 


tRASP 


80 


100000 


100 


100000 


ns 
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Read-Modify-Write Cycle 



Parameter 


Symbol 


HM534253A-8 


HM534253A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


200 


— 


250 


— 


ns 




RAS Pulse Width 
(Read-Modify-Write Cycle) 


tRWS 


130 


10000 


160 


10000 


ns 




CAS to WE Delay Time 


tcWD 


45 


— 


55 


— 


ns 


14 


Column Address to WE Delay Time 


*AWD 


65 


— 


75 


— 


ns 


14 


OE to Data-in Delay Time 


tODD 


20 


— 


25 


— 


ns 


12 


Access Time from RAS 


*RAC 


— 


80 


— 


100 


ns 


6,7 


Access Time from CAS 


tCAC 


— 


20 


— 


25 


ns 


7,8 


Access Time from OE 


tOAC 


— 


20 


— 


25 


ns 


7 


Address Access Time 


tAA 


— 


40 


— 


45 


ns 


7,9 


RAS to Column Address Delay Time 


tRAD 


15 


40 


20 


55 


ns 




Read Command Setup Time 


tRCS 





— 





— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


t WP 


15 


— 


20 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 


ns 


12 


Data-in Hold Time 


*DH 


15 


— 


20 


— 


ns 


12 


OE Hold Time Referenced to WE 


tQEH 


20 


— 


25 


— 


ns 





Refresh Cycle 
















Parameter 


Symbol 


HM534253A-8 


HM534253A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


*CSR 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


15 


- 


20 


- 


ns 




R^S Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


ns 





Flash Write Cycle, Block Write Cycle 



Parameter 


Symbol 


HM534253A-8 


HM534253A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


CAS to Data-in Delay Time 


tCDD 


20 


— 


25 


— 


ns 


13 


OE to Data-in Delay Time 


k)DD 


20 


— 


25 


— 


ns 


13 



Read Transfer Cycle 
















Parameter 


Symbol 


HM534253A-8 


HM534253A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


DT Hold Time Referenced to RAS 


tRDH 


70 


10000 


90 


10000 


ns 




DT Hold Time Referenced to CAS 


tCDH 


20 


— 


25 


— 


ns 




DT Hold Time Referenced to Column Address 


tADH 


30 


— 


35 


— 


ns 




DT Precharge Time 


*DTP 


40 


— 


45 


— 


ns 




DT to RAS Delay Time 


*DRD 


70 


— 


90 


— 


ns 




SC to RAS Setup Time 


tSRS 


30 


— 


30 


— 


ns 




1st SC to RAS Hold Time 


tSRH 


85 


— 


105 


— 


ns 




1st SC to CAS Hold Time 


tSCH 


30 


— 


35 


— 


ns 




1st SC to Column Address Hold Time 


tSAH 


50 


— 


55 


— 


ns 
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Read Transfer Cycle (continued) 











HM534253A-8 


HM534253A-10 


Unit 


Note 


Parameter 


Symbol 


Min 


Max 


Min 


Max 


Last SC to DT Delay Time 


*SDD 


5 


— 


5 


— 


ns 




1st SC to DT Hold Time 


*SDH 


15 


— 


15 


— 


ns 




RAS to QSF Delay Time 


tRQD 


— 


95 


— 


115 


ns 


15 


CAS to QSF Delay Time 


*CQD 


— 


35 


— 


40 


ns 


15 


DT to QSF Delay Time 


tDQD 


— 


25 


— 


30 


ns 


15 


QSF Hold Time Referenced to RAS 


tRQH 


20 


— 


25 


— 


ns 




QSF Hold Time Referenced to CAS 


tCQH 


5 


— 


5 


— 


ns 




QSF Hold Time Referenced to DT 


tDQH 


5 


— 


5 


— 


ns 




Serial Data-in to 1st SC Delay Time 


tszs 





— 





— 


ns 




Serial Clock Cycle Time 


tscc 


30 


— 


30 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


ns 




SC Precharge Time 


tscp 


10 


— 


10 


— 


ns 




SC Access Time 


tSCA 


— 


25 


— 


25 


ns 


15 


Serial Data-out Hold Time 


tSOH 


5 


— 


5 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 


ns 




Serial Data-in Hold Time 


tSIH 


15 


— 


20 


— 


ns 




RAS to Column Address Delay Time 


tRAD 


15 


40 


20 


55 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


ns 




DT High Hold Time to RAS Precharge 


tDTHH 


25 


— 


30 


— 


ns 




Pseudo Transfer Cycle, Write Transfer Cycle 


Parameter 


Symbol 


HM534253A-8 


HM534253A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


SE Setup Time Referenced to RAS 


*ES 





— 





— 


ns 




SE Hold Time Referenced to RAS 


*EH 


10 


— 


15 


— 


ns 




SC Setup Time Referenced to RAS 


*SRS 


30 


— 


30 


— 


ns 




RAS to SC Delay Time 


*SRD 


25 


— 


25 


— 


ns 




Serial Output Buffer Turn-off Time 
Referenced to RAS 


*SRZ 


10 


45 


10 


50 


ns 




RAS to Serial Data-in Delay Time 


tsiD 


45 


— 


50 


— 


ns 




RAS to QSF Delay Time 


tRQD 


— 


95 


— 


115 


ns 


15 


CAS to QSF Delay Time 


tCQD 


— 


35 


— 


40 


ns 


15 


QSF Hold Time Referenced to RAS 


tRQH 


20 


— 


25 


— 


ns 




QSF Hold Time Referenced to CAS 


tCQH 


5 


— 


5 


— 


ns 




Serial Clock Cycle Time 


tscc 


30 


— 


30 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


ns 




SC Precharge Time 


tscp 


10 


— 


10 


— 


ns 




SC Access Time 


tsCA 


— 


25 


— 


25 


ns 


15 


SE Access Time 


*SEA 


— 


25 


— 


25 


ns 


15 


Serial Data-out Hold Time 


tSOH 


5 


— 


5 


— 


ns 




Serial Write Enable Setup Time 


tsws 


5 


— 


5 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 


ns 




Serial Data-in Hold Time 


tSIH 


15 


- 


20 


- 


ns 
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Split Read Transfer Cycle, Split Write Transfer Cycle 



Parameter 


Symbol 


HM534253A-8 


HM534253A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Split Transfer Setup Time 


tSTS 


20 


— 


25 


— 


ns 




Split Transfer Hold Time 
Referenced to RAS 


*RST 


80 


- 


100 


- 


ns 




Split Transfer Hold Time 
Referenced to CAS 


tcST 


20 


- 


25 


- 


ns 




Split Transfer Hold Time 
Referenced to Column Address 


tAST 


40 


- 


45 


- 


ns 




SC to QSF Delay Time 


*SQD 


— 


25 


— 


30 


ns 


15 


QSF Hold Time Referenced to SC 


tSQH 


5 


— 


5 


— 


ns 




Serial Clock Cycle Time 


tscc 


30 


— 


30 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


ns 




SC Precharge Time 


tSCP 


10 


— 


10 


— 


ns 




SC Access Time 


tsCA 


— 


25 


— 


25 


ns 


15 


Serial Data-out Hold Time 


tsOH 


5 


— 


5 


— 


ns 




Serial Data-out Setup Time 


tsis 





— 





— 


ns 




Serial Data-in Hold Time 


tSffl 


15 


— 


20 


— 


ns 




RAS to Column Address Delay Time 


tRAD 


15 


40 


20 


55 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


ns 





Serial Read Cycle, Serial Write Cycle 














Parameter 


Symbol 


HM534253A-8 


HM534253A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Serial Clock Cycle Time 


tscc 


30 


— 


30 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


ns 




SC Precharge Width 


tSCP 


10 


— 


10 


— 


ns 




Access Time from SC 


tSCA 


— 


25 


— 


25 


ns 


15 


Access Time from SE 


tSEA 


— 


25 


— 


25 


ns 


15 


Serial Data-out Hold Time 


tsOH 


5 


— 


5 


— 


ns 




Serial Output Buffer _Turn-off 
Time Referenced to SE 


tSEZ 


- 


20 


- 


25 


ns 


5 


Serial Data-in Setup Time 


tsis 





— 





— 


ns 




Serial Data-in Hold Time 


tSIH 


15 


— 


20 


— 


ns 




Serial Write Enable Setup Time 


tsws 


5 


— 


5 


— 


ns 




Serial Write Enable Hold Time 


*SWH 


15 


— 


20 


— 


ns 




Serial Write Disable Setup Time 


tswis 


5 


— 


5 


— 


ns 




Serial Write Disable Hold Time 


tSWIH 


15 


— 


20 


— 


ns 
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HM534253A Series 



Logic Operation Mode 



Parameter 


Symbol 


HM534253A-8 


HM534253A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


CAS Setup Time 
(CAS Before RAS) 


*CSR 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS Before RAS) 


tCHR 


15 


- 


20 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


ns 




Write Cycle Time 


*FRC 


170 


— 


215 


— 


ns 




RAS Pulse Width 


tFRS 


100 


10000 


125 


10000 


ns 




Page Mode Cycle Time 


*FPC 


70 


— 


80 


— 


ns 




CAS Pulse Width 


tFCS 


40 


— 


50 


— 


ns 




RAS Hold Time Referenced to CAS 


*FRSH 


40 


— 


50 


— 


ns 




CAS Hold Time Referenced to RAS 


tFCSH 


100 


— 


125 


— 


ns 




Column Address to RAS Lead Time 


tFRA 


60 


— 


70 


— 


ns 




Column Address to CAS Lead Time 


*FCA 


60 


— 


70 


— 


ns 




RAS to Column Address Delay Time 


tRAD 


15 


40 


20 


55 


ns 




Write Command Setup Time 


twcs 





— 





— 


ns 




Write Command Hold Time 


t\VCH 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


*WP 


15 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


*CWL 


20 


— 


25 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 


ns 


12 


Data-in Hold Time 


*DH 


15 


— 


20 


— 


ns 


12 


WE to RAS Setup Time 


t\vs 





— 





— 


ns 




WE to RAS Hold Time 


t\VH 


10 


— 


15 


— 


ns 




Mask Data to RAS Setup Time 


*MS 





— 





— 


ns 




Mask Data to RAS Hold Time 


*MH 


10 


— 


15 


— 


ns 




OE Hold Time Referenced to WE 


tDEH 


20 


— 


25 


— 


ns 




CAS Precharge Time 


tcp 


10 


— 


10 


— 


ns 





Notes: 1. AC measurements assume tx = 5 ns. 

2. When tRCD > tRCD (max) or tRAD > tRAD (max), access time is specified by t^AC or *AA- 

3. Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Transition time tx is measured between 
V IH and V IL . 

4. Data input must be floating before output buffer is turned on. In read cycle, read-modify-write cycle and delayed write 
cycle, either tr^zc (min) or tozo (min) must be satisfied. 

5. toFFl (max) toFF2 (max) and tgEZ (max) are defined as the time at which the output achieves the open circuit condition 
(Vqh - 200 mV, V OL + 200 mV). 

6. Assume that tRco^tRCD (max) and tRAD -tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

7. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

8. When tRCD-tRCD (max) and tRAD -tRAD (max), access time is specified by tcAO 

9. When tRCD ^ tRCD (max) and tRAD - tRAD (max), access time is specified by tAA- 

10. If either tRCH of tRRH is satisfied, operation is guaranteed. 

11. When twcs -twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) condi- 
tion. 

12. These parameters are specified by the later falling edge of CAS or WE. 

13. Either tcDD (min) or toDD (min) must be satisfied because output buffer must be turned off by CAS or OE prior to 
applying data to the device when output buffer is on. 

14. When tAWD-tAWD (min) and tcwD^tcwD (min) in read-modify-write cycle, the data of the selected address outputs to 
an I/O pin and input data is written into the selected address. tQDD (min) must be satisfied because output buffer must be 
turned off by OE prior to applying data to the device. 

15. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

16. After power-up, pause for 100 jus or more and execute at least 8 initialization cycle (normal memory cycle or refresh cycle), 
then start operation. 




HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



1111 



HM534253A Series 



■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS 



Address 



WE 



tASR 

i ► 



-tRAD ► 

4-tRAH 



I/O 
(Output)" 

I/O 
(Input) 




t row m r^^r' kmmm^ Mm^^^^ 



+|tCAH 



i — icr? — ► 



DT/OE 



DSF 



[«-tOTS- 



|4-tFSR-> 



4-tozo-M 



t-CAC 

-tAA ► 



m®sm 



tOFFl 



i ► t RC H 






Valid Dout 



mmm 



mm 



<-tRFH->| "]4.tFSC-*||4— > tCFM 



: Don't care 



• Early Write Cycle 



RAS 

CAT 
Address 



WE 

I/O 
(Output)" 



l ASR 
i ► 



-tRC- 



4-tRAH"> 



Row 



itws-f k-t W H-> 



I/O m 

(Input) m 



|4tMS-f 



ft A sc-> 



-tCSH- 



i t C RP- 



«-tMH- 



tCAH 




High-Z 



Mask Data 



DT/OE M 



DSF 



«-tOTH- 



►. N-tps— »| |4tDit» | 

m Wid Din » M 



«-tRFH->. ^-tFSC->JH— ► t C FH 



Don't care 



Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM534253A Series 



• Delayed Write Cycle 




Don't care 
Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 



• Read-Modify-Write Cycle 




$&£& ■ ^ on ' t Cdre 
Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM534253A Series 



• Page Mode Read Cycle 




Don't care 



Page Mode Write Cycle (Early Write) 




I/O 

(Output) Ms 



I/O 
(Input) 



tDTS 



DT/OE Hf 

tFSR|0 

DSF 






tDH-> «-»||4- » 



High-Z 



Odh+I 



GH3^*^^» 







[g||| Don't care 
Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM534253A Series 



• Page Mode Write Cycle (Delayed Write) 



I/O 

(Output) t ,, s 



OT/OE 




jgSgjgj : Don't care 
Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 



1 RAS Only Refresh Cycle 



RAS 



CAS 



Address 



I/O 
(Output 



I/O 
(Input) 




Row 




-tcoo- 



4-t000 

i ► 



OT/OE £fjj^ tF 






«-torn-»| 



^ mmmmmmmmmmmmmmmmmmm 



0SF Wmm mmmmmmmmmmmmmmmmmi^ 



• Don't care 
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HM534253A Series 

• CAS Before RAS Refresh Cycle 



RAS 
CAS" 



tRPC 



tRPC 



%vc5S» lnh ' b,t Fallin 9 Transition ^^1 




Don't care 



• Hidden Refresh Cycle 




|:#J Don't care 
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HM534253A Series 



• Color Register Set Cycle (Early Write) 



RAS 



WE 
I/O 



(Output)" 



-tRC- 



^-tRAM-f| 



A/ldrcsQ mmi ^w mmrn* 



1/0 v V 

(Input) &s 




High-Z 



DT/OE 



DSF 




Don't care 



• Color Register Set Cycle (Delayed Write) 



RAS 



CAS 



-t-CSH- 



Wdress M M Row l^^^^pj^^ 



|+tws> 



WE llllF 



I/O 



(Output)" 
(Input) £2^ 

tOTS 



I V?? ! * - * 



i tRWL- 






High-Z 



FT/0E jgjjr 



;^£M^ 



<-tnni->| 



DSF 







: Don't care 
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HM534253A Series 

• Color Register Read Cycle 



RAS 



CAS 



tASR 
4 > 



-tRCD ► 



WE 



I/O 
(Output) 



Address g« R°w Ig^^ ^Mg^^i^^^^^^li C 



tncs 

[« r 



If-tRRH ► 

4-tncn-> 



-tCAC- 



^-tcoo > 

< — 



Valid Out 




Don't care 



• Flash Write Cycle 



RAS 



-tCRP- 



-tRC" 



T 




Don't care 
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HM534253A Series 



1 Block Write Cycle 




: Don't care 
Note: *1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle when WE is low. 



• Page Mode Block Write Cycle 



RAS 



Address 



-tRc- 



WE 

I/O 
(Output)" 

I/O 
(Input) 



DT/OE 
OSF 




J : Don't care 
Note: *1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle when WE is low. 
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HM534253A Series 

• Read Transfer Cycle (1) 



Address 




: Don't care 



Notes: *1. This QSF timing is referred when SC is risen once or more between the previous transfer cycle and CAS falling 
edge of this cycle (QSF is switched by DT rising). 
*2. This QSF timing is referred when SC isn't risen between the previous transfer cycle and CAS falling edge of this 
cycle (QSF is switched by RAS or CAS falling). 



1120 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM534253A Series 



• Read Transfer Cycle (2) 



RAS 



Address 



SI/0 
(Output)"^ 



-tRAS- 



-tRC- 



-tCSH' 




-tRp- 



Inhi b i t Ris ing Trans it ion 3 



-tSRH- 



tSIH 



si/o ^wra - 
(Input) Mfoj™ 




-tSCH- 



tszs 



<-tsc->|HKscp+ 



N-tscA-> 



tSOH 



tSCA 

« ► 



tDQH 



QSF 



SAM Address MSB 



; Don't care 
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HM534253A Series 



• Pseudo Transfer Cycle 



RAS 



CAS 



Address 



WE 



< tRCD ► 



I/O 
(Output)" 



DT/OE m 



DSF 



SE 



SC 



tSOH 

SI/O vTiw 

(OutpUt)Sou 

SI/0 
(Input) 




QSF 



-tRQH" 



-tRQO- 



tCQH 



f-tCOD— > 



SAM Address MSB 



: Don't care 
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HM534253A Series 



• Write Transfer Cycle 



RAS 



CAS 



t-ASR 

l« ► 



i tRCQ ► 



\i tRp- 



tRAH 'ASC 

|4 > 



Address 



tCAH 



i tCRP- 







Don't care 
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HM534253A Series 



1 Split Read Transfer Cycle 



RAS 



CAS 



Address 



WE 



(Output)8 



DT/OE 



OSF 



SE 



Low 



SC 



SI/O 
(Output). 

SI/O 
(Input) 




« — t S cc- 



«— tsoo— ► 



QSF 



4-tSQD-f 



SAM Address MSB 




: Don't care 



Note: *1. If the next transfer cycle after read transfer cycle is split read transfer cycle, one or more access to SC are required 
between read transfer cycle and split read transfer cycle. 
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HM534253A Series 



• Split Write Transfer Cycle 



RAS 



CAs 



Address 



WE 
I/O 



(Output)* 



-tRAS- 



-tRC" 



DT/OE 



DSF 



SE 

SC 

SI/O 
(Output)" 

SI/0 "valid 

(Input) Sin 

| N— tSQD- 



« tRp- 



tSIS 



tSIH 



tsis 



tSIH 



tsis 



tSIH 



< t SQH > 



QSF 





Yi + 255 
(Yi) 



Valid Sin 



SAM Address MSB 



: Don't care 
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HM534253A Series 
• Serial Read Cycle 



SE 



SC 



<-tsc ► 



-tscc- 



«— tscp- 



4— tSOH- 



(Output)lillli^i 



4-tsc ► 



■f -tSEZ — ►! 

I Valid Soi t")- 



i 



tscc- 



4— tsCP- 



-tSEA— > 



-tsc- 



<— tsCA ► 

tSOH — 



Valid Sout 



i- Valid 
\ Sout 



•.Don't care 



• Serial Write Cycle 



tSWH 



SE 



SC 



SI/0 
(Input) 8£\ 



tsis 
« ► 



tswis 



tsws 

i — ► 



iHH 



4-tsc- 



-tscc 



tSIH 

i — ► 



Valid Sin 



tsis 

i — ► 



tSIH 
i ► 



Valid Sin 



« ► 



^ 



i > 



Valid Sin 



: Don't care 



• Logic Operation Set/Reset Cycle 



RAS 



CAS 



-tRPC—MM — tcsR- 



w£ 

ibit Falling Transition wHwy 



Address 

W 

I/O 
(Output)" 

I/O 
(Input) 




tMS l MH 

« ► « 



High-Z 



l| %Mask Data$gggjjg| |j 



u ' /ut ^^^»A^Mfea%%»^y^^^ 



: Don't care 
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HM534253A Series 



• Logic Operation Mode Early Write Cycle 



RAS 



CAS 



Address 



WE 



-tFRC" 



i tRAO — ► 

tRAH 
« ► 



Row 



|+tWS4 k-tWH-* 



-1 



I/O 

(Output) , tMS _> 

I/O 
(Input) 




Temporary Mask $ 



OT/OE 
DSF 



High-Z 




Don't care 



0086-40 

Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 



• Logic Operation Mode Delayed Write Cycle 



RAS 



CAS 



Address «§ 



tASR 

i ► 



-tRCD- 



tRAO— > 

RAH 

i ► 



<-t A SC-» 



-tFCSH- 



-t-FRSH- 



i t CRP - 



Column 



I/O 
(Output)" 

I/O 
(Input) 







Don't care 



0086-41 

Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 
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HM534253A Series 



' Logic Operation Mode Page Mode Write Cycle (Early Write) 



RAS 



-tFRS- 



tFSR I** 




m m 



|||| : Don ' t care 

0086-4 

Note: "1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 



» Logic Operation Mode Page Mode Write Cycle (Delayed Write) 



RAS 



CAS 



Address 



WE 



I/O 

(Output) *[« 

I/O 

(Input) SSS^tov*' 

«-0TS lo 



DT/OE 



OSF 




: Don't care 



0086-43 

Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 
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HM534253A Series 



• Logic Operation Mode Read-Modify-Write Cycle 



RAS 



CAS 



Address 



WE 



I/O 
(Output)" 

I/O 
(Input) 



OT/OE 
DSF 



-tFRS" 



<-tRp-* 



\- 




: Don't care 



Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 
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HM538121 Series 

131,072 x 8-Bit Multiport CMOS Video Random Access Memory 

■ DESCRIPTION 

The HM538121 is a 1-Mbit multiport video RAM equipped with a 128k-word x 
8-bit dynamic RAM and a 256-word x 8-bit SAM (serial access memory). Its RAM 
and SAM operate independently and asynchronously. It can transfer data between 
RAM and SAM and has a write mask function. It is suitable for a graphic processing 
buffer memory. 

■ FEATURES 

• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM and SAM Capability 
RAM: 128k-word x 8-bit and SAM: 256-word x 8-bit 

• Access Time RAM 100 ns/100 ns/120 ns/150 ns (max) 

SAM 30 ns/35 ns/40 ns/50 ns (max) 

• Cycle Time RAM 190 ns/190 ns/220 ns/260 ns (min) 

SAM 30 ns/40 ns/40 ns/60 ns (min) 

• Low Power 

Active RAM 495 mW (max) 

SAM 468 mW (max) 

Standby 40 mW (max) 

• High-Speed Page Mode Capability 

• Mask Write Mode Capability 

• Bidirectional Data Transfer Cycle between RAM and SAM Capability 

• Real Time Read Transfer Capability 

• 3 V ariatio ns of Refresh (8 ms/512 Cycles) 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Preliminary 



HM538121JP Series 




(CP-40D) 



PIN OUT 



Part No. 


Access Time 


Package 




RAM 


SAM 


HM538121JP-10 
HM538121JP-11 
HM538121JP-12 
HM538121JP-15 


100 ns 
100 ns 
120 ns 
150 ns 


30 ns 
35 ns 
40 ns 
50 ns 


400 mil 
40-pin 
Plastic SOJ 
(CP-40D) 



HM538121JP Series 



scq i 

SI/00 q 2 

SI/01 d 3 

SI/02 5 4 

SI/03 9 5 

ET/OE d 6 

1/00 d 7 

1/01 q b 

1/02 q 9 

1/02 K 10 

vccgq ii 

wSd 12 

H£§ q u 

NC d 15 

AS q 16 

A6 d 17 

as q 18 

A4d 19 

VCC1 d 20 



\y 



(Top View) 




PIN DESCRIPTION 



Pin Name 


Function 


A -A 8 


Address Inputs 


I/O0-I/O7 


RAM Port Data Inputs/Outputs 


SI/O0-SI/O7 


SAM Port Data Inputs/Outputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Write Enable 


DT/OE 


Data Transfer/Output Enable 


SC 


Serial Clock 


SE 


SAM Port Enable 


Vcc 


Power Supply 


v S s 


Ground 


NC 


Non Connection 
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HM538121 Series 



BLOCK DIAGRAM 



255 



^F^ 



Dout 

Dia iiemry 



ROW 



O^T 



a 



Co Loan 
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■ PIN FUNCTION 

RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and si gnals 
as shown in Table 1 are input at the falling edge of RAS. 
The input level of those signals determine the operation cy- 
cle of the HM5381 21. 



• Table 1. Operation Cycles of the HM538121 


Input Level at the 
Falling Edge of RAS 


Operation Cycle 


CAS 


DT/OE 


WE 


SE 




H 


H 


H 


X 


RAM Read/Write 


H 


H 


L 


X 


Mask Write 


H 


L 


H 


X 


Read Transfer 


H 


L 


L 


H 


Pseudo Transfer 


H 


L 


L 


L 


Write Transfer 


L 


X 


X 


X 


CBR Refresh 



Note: X: Don't care. 

CAS (input pin): Colum n address is put into chip at the fall- 
ing edge of CAS. CAS controls output impedance of I/O in 
RAM. 

A0-A8 (input pins): Row a ddres s is determined by Aq-As 
level at the falling edge of RAS. Column a ddre ss is deter- 
mined by Aq-Aj level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 

W E (inp ut pin): WE pin has two functions at the falling edge 
of R AS and after. When WE is low at the falling edge of 
RAS, the HM538121 turns to mask write mode. According to 
the I/O level at the time, write on eac h I/O can be masked. 
(WE level at the falling edge of RAS is don't care in read 



cycle.) When WE is high at the falling e dge of RAS, a nor- 
mal write cycle is executed. After that, WE switches read/ 
write cycles as in a standard DRAM. In_a transfer cycle, the 
direction of tra nsfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred from 
SAM to RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is read 
from RAM). 

I/O0-I/O7 (input/output pi ns): I/O pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only on high I/O pins. Data on low I/O pins are 
masked and internal data are retained. After that, they func- 
tion as input/output pins as those of a standard DRAM. 

DT/OE (input pin): DT/OE pin func tions as DT (data trans- 
fer) pin at the falling edge_of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle beco mes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 

SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data is output from an Sl/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an Sl/O 
pin at the rising edge of SC is put into the SAM data regis- 
ter. 

SE (input pin): SE pin activates SAM. When SE is high, Sl/O 
is in the high impedance state in serial read cycle and data 
on Sl/O is not put into the SAM data register in serial write 
cycle. SE can be used as a mask for serial write because 
internal pointer is incremented at the rising edge of SC. 

SI/O0-SI/O7 (input/output pins): Sl/Os are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
Sl/O outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, Sl/O inputs data. 
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■ OPERATION OF HM538121 

• Operation of RAM Port 

RAM R ead Cycle (DT/OE high, CAS high, at the falling 
edge of RAS) 

Row address is en tered at the RAS falling edge and col- 
umn address at the CAS falKng[ edge to the device as in 
stand ard D RAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected addre ss da ta is output 
throu gh I/O pin. At the falling edge of RAS, DT/OE and 
CAS become high to distinguish RAM read cycle from trans- 
fer cycle and CBR refresh cycle. Address access time (tAA) 
and RAS to column address delay time (tRAD) specifications 
are added to enable high-speed page mode. 

RAM Write Cycle (Early Write, Delayed Write, Read- 
Modify-Write) (DT/OE high, CAS high at the falling edge of 
RAS) 

• Norm al Mode Write Cycle (WE high at the falling edge of 
RAS) 

When CAS and WE are set low after RAS is set low, a 
write cycle is executed and I/O data is written at the select- 
ed addresses. When all 8 l/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycl e and I/O becomes high imped- 
ance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling 
edge. I/O does not become high impedance in this cycle, so 
data should be entered with OE in high. 

rf WE is set low after tcwD (min) and tAWD (min) after the 

CAS falling edge, this cycle becomes a read-modify-write cy- 
cle and enables write after read to execute in the same ad- 
dress cycle. In this cycle also, to avoid I/O contention, data 
should be input after reading data and setting OE high. 

• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode cycle which writes only to select- 
ed I/O. Whether or not an I/O is writ ten d epends on I/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high I/O pins and masked in low ones and inter- 
nal d ata is preserved. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is preserved during the page access. 

High-Speed Pag e Mo de Cycle (DT/OE high, CAS high at 
the falling edge of RAS) 

High-speed page mode cycle reads/writes the data o f the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle and is higher than the standard page mode cycle by 
70-80%. This product is based on static column mode, 
therefore, address access time ^aa). RAS to c olumn ad- 
dress delay time (tRAD)> and a ccess time from CAS pre- 
charge (tACP) are added. In one RAS cycle, 256-word mem- 
ory cells of the same row address can be accessed. It is 
necessary to specify access frequency within tRASP max 
(100 jus). 



• Transfer Operation 

HM538121 provides the read transfer cycle, pseudo 
transfer cycle, and write transfer cycle as data transfer cy- 
cles. These transf er cy cles are set by driving DT/OE low at 
the falling edge of RAS. 

They have the following functions: 

(1) Transfer data between row address and SAM data regis- 
ter (except for pseudo transfer cycle) 

(2) Determine direction of data transfer 

(a) Read transfer cycle: RAM — * SAM 

(b) Write transfer cycle: RAM «— SAM 

(3) Determine input or output of SAM I/O pin (Sl/O) 

Read transfer cycle: Sl/O output 

Pseudo transfer cycle, 

write transfer cycle: Sl/O input 

(4) Determine first SAM address to access (SAM start ad- 
dress) after transferring at column address. 

Read Transfer Cycle (CAS high, DT/OE low, WE high at 
the falling edge of RAS) 

This cycle becomes read transfer cycl e by s etting DT/OE 
low and WE high at the falling edge of RAS. The row ad- 
dress data (256 x 8-bit) determined _by this cycle is trans- 
ferred synchronously at the rising of DT/OE. After the rising 
edge of DT/OE, the new address data outputs from SAM 
start address decided by column address. 

This cycle can execute SAM access serially even during 
transfer (real time read transfer). In this case, the timing 
tSDD (min) is specified between the last SAM access before 
transfer and DT/OE rising edge, and tsDH ( min ) between the 
first SAM access and DT/OE rising edge (see Figure 1). 

If read transfer cycle is executed, Sl/O becomes output 
state. When the previous transfer cycle is either pseudo 
transfer cycle or write transfer cycle and Sl/O is in input 
state, uncertain data is output after tRLz (min) after the RAS 
falling edge. Before that, input should be set high imped- 
ance to avoid data contention. 

Pseudo Transfer Cycle (CAS high, DT/OE low, WE low, 
and SE high at the falling edge of RAS) 

Pseudo transfer cycle is available for switching Sl/O from 
output state to input state be caus e data in RAM isn't rewrit- 
ten. This cycle starts when CAS is high, DT/ OE low, WE 
low, and SE high, at the falling edge of RAS. The output 
buffer in Sl/O becomes high impedance within tsRz (max) 
from the RAS falling edge. Data should be input to Sl/O lat- 
er than tsiD (min) to avoid data conte ntion . SAM access be- 
comes enabled after tsRD (min) after RAS becom es high. In 
this cycle, SAM access is inhibited during RAS low, there- 
fore, SC should not be raised. 

Write Transfer Cycle (CAS high, DT/OE low, WE low, and 
SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred in to RA M is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address to serial write after terminating this cycle. Also in 
this c ycle, SAM access becomes enabled after tsRD (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC should not be raised. 
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Address 



SS 



;dt/oe'TT""" '\'"£'"""-"' 




si/o 



ALnife 



- SAM-Data -Before • Transfer *• 



r^£ 



SAM Data-After -Teransfer 



Figure 1. Real Time Read Transfer 



• SAM Port Operation 
Serial Read Cycle 

SAM port is in read mode when the previous data trans- 
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from SI/O. If SE is set 
high SI/O becomes high impedance and internal pointer is 
incremented at the SC rising edge. 

Serial Write Cycle 

If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SI/O data is programmed into data register at the SC 
rising edge like in the serial read cycle. If SE is high, SI/O 
data isn't input into data register. Internal pointer is incre- 
mented according to the SC rising edge, so SE high can 
mask data for SAM. 

• Refresh 
RAM Refresh 

RAM, which is composed of dynamic circuits, requires re- 
fresh to retain data. Refresh is performed by accessing all 
512 row addr esses every 8 ms. Th ere ar e three refre sh cy- 
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 



refresh cycle, and (3) Hi dden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses ev- 
ery 8 ms. 

RAS Only Refresh Cyc le: R AS only re fresh cycle is per- 
formed by activating only RAS cycle with CAS fixed to high 
by inputting the row address ( = refresh address) from ex- 
ternal_circu_its. To distinguish this cycle from data tran sfer cy- 
cle, DT/OE should be high at the falling edge of RAS. 

CBR Refres h Cy cle: CBR refresh cycle is set by activating 
CAS before RAS. In this cycle, refresh address need not to 
be input through external circuits because it is input through 
an internal refresh counter. In this cycle, output is in high im- 
pedance and power dissipation is lowered because CAS cir- 
cuits don't operate. 

Hidden Refresh Cyc le: H idden refresh cycl e per forms re- 
fresh by reactivating RAS when DT/OE and CAS keep low 
in normal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift register, selector), orga- 
nized as fully static circuitry, don't require refresh. 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Note 


Terminal Voltage 


V T 


-1.0 to +7.0 


V 


1 


Power Supply Voltage 


v C c 


- 0.5 to + 7.0 


V 


1 


Power Dissipation 


P T 


1.0 


W 




Operating Temperature 


Topr 


Oto +70 


°C 




Storage Temperature 


T stg 


- 55 to + 125 


°C 





Note: 1. Relative to V ss . 

■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to 



-70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


VlL 


-0.5 


— 


0.8 


V 


1,2 



Notes: 1. All voltages referenced to Vss- 
2. - 3.0V for pulse width < 10 ns. 



• DC Electrical Characteristics (T A 


= Oto + 70°C, 


v C c = 


5V ±10%, V S s = 0V) 








Parameter 


Symbol 


HM538121-10 


HM538121-11 


HM538121-12 


HM538121-15 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


RAM Port 


SAM Port 


Operating 
Current 


JcCl 


— 


90 


— 


90 


— 


80 


— 


70 


mA 


RAS, CAS 

Cycling 
tR C = Min 


SE = V IH ,SC = V IL 




ICC7 


- 


160 


- 


160 


- 


140 


- 


120 


mA 


SE = Vil, SC Cycling 
tscc ~ Min 


1 


Standby 
Current 


ICC2 


— 


7 


— 


7 


— 


7 


— 


7 


mA 


RAS, CAS 

= v IH 


SE = Vih,SC = Vil 




!CC8 


- 


85 


- 


70 


- 


70 


- 


55 


mA 


SE = Vil, SC Cycling 
tSCC ~ Min 


1 


RAS Only 


ICC3 


— 


90 


— 


90 


— 


80 


— 


70 


mA 


RAS Cycling 


SE = V IH , SC - Vil 




Refresh 
Current 


ICC9 


- 


150 


- 


150 


- 


130 


- 


110 


mA 


CAS = V IH 

t RC = Min 


SE = Vil, SC Cycling 
tscc - Min 


1 


Page Mode 
Current 


ICC4 


— 


115 


— 


115 


— 


105 


— 


95 


mA 


CAS Cycling 


se = v IH , sc = Vil 




J CC10 


- 


185 


- 


185 


- 


160 


- 


140 


mA 


RAS - V IL 
tpc = Min 


SE = V IL , SC Cycling 
tSCC = Min 


1 


CAS Before 


!CC5 


— 


80 


— 


80 


— 


70 


— 


60 


mA 


RAS Cycling 
tRc = Min 


SE = V m , SC - Vil 




RAS Refresh 
Current 


Ice 11 


- 


130 


- 


130 


- 


110 


- 


90 


mA 


SE = Vil, SC Cycling 
tscc ~ Min 


1 


Data 


!CC6 


— 


115 


— 


115 


— 


110 


— 


100 


mA 


RAS, CAS 
Cycling 
tRc = Min 


SE = V ih ,SC = Vil 




Transfer 
Current 


!CC12 


- 


185 


- 


185 


- 


160 


- 


140 


mA 


SE = Vil, SC Cycling 
tSCC = Min 


1 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


uA 






Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


uA 






Output High 
Voltage 


VOH 


2.4 


- 


2.4 


- 


2.4 


- 


2.4 


- 


V 


k)H = -2 mA 




Output Low 
Voltage 


Vol 


- 


0.4 


- 


0.4 


- 


0.4 


- 


0.4 


V 


Iql = 4.2 mA 





Notes: 1. Ice depends on output loading condition when the device is selected. 
(Il/O = ^I/O = mA). 

2. Address can be changed less than three ti mes in one RAS cycle. 

3. Address can be changed once or less while CAS = Vm- 

4. Address must be fixed. 



Ice max i s specified at the output open condition 
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• Capacitance Oa = 25°C, V<x = 5V, f = 1 MHz, Bias: Clock, I/O = Vcc. Address = Vss) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Address 


Cn 


— 


— 


5 


pF 


Clocks 


C12 


— 


— 


5 


pF 


I/O, SI/O 


c i/o 


— 


— 


7 


pF 



• AC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 1 - 11 
Test Conditions 

Input Rise and Fall Time 5 ns 

Output Load See Figures 

Input Timing Reference Levels 0.8V, 2.4V 

Output Timing Reference Levels 0.4V, 2.4V 



Output Load (A) 

InH--2aA +5 V 
> I 



rlOOpF ; 



imfr 



/// 



Output Load (B) 

I 0H --2=A +5 V 



I 0L =4.2aA 



SI/0 ■ 




win 



0087-4 

Note: 1. Including Scope and Jig. 



Common Parameters 



Parameter 


Symbol 


HM538121-10 


HM538121-11 


HM538121-12 


HM538121-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or 
Write Cycle Time 


tRC 


190 


- 


190 


- 


220 


- 


260 


- 


ns 




RAS Precharge 
Time 


tRP 


80 


- 


80 


— 


90 


- 


100 


- 


ns 




RAS Pulse Width 


tRAS 


100 


10000 


100 


10000 


120 


10000 


150 


10000 


ns 




CAS Pulse Width 


tCAS 


30 


10000 


30 


10000 


35 


10000 


40 


10000 


ns 




Row Address 
Setup Time 


*ASR 





- 





- 





- 





- 


ns 




Row Address 
Hold Time 


tRAH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




Column Address 
Setup Time 


*ASC 





- 





- 





- 





- 


ns 




Column Address 
Hold Time 


tCAH 


20 


- 


20 


- 


20 


- 


25 


- 


ns 




RAS to CAS 
Delay Time 


tRCD 


25 


70 


25 


70 


25 


85 


30 


110 


ns 


5,6 


RAS Hold Time 


tRSH 


30 


— 


30 


— 


35 


— 


40 


— 


ns 




CAS Hold Time 


*CSH 


100 


— 


100 


— 


120 


— 


150 


— 


ns 




CAS to RAS 
Pre-charge Time 


tCRP 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Transition Time 
(Rise to Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


8 


Refresh Period 


tREF 


— 


8 


- 


8 


- 


8 


- 


8 


ms 
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Common Parameters (continued) 




















Parameter 


Symbol 


HM538121-10 


HM538121-11 


HM538121-12 


HM538121-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


DTtoRAS 

Setup Time 


*DTS 





- 





- 





- 





- 


ns 




DTtoRAS 
Hold Time 


*DTH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




Data-in to OE 
Delay Time 


tDZO 





- 





- 





- 





- 


ns 




Data-in to CAS 
Delay Time 


*DZC 





- 





- 





- 





- 


ns 





Read Cycle (RAM), Page Mode Read Cycle 



Parameter 


Symbol 


HM538121-10 


HM538121-11 


HM538121-12 


HM538121-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time 
from RAS 


tRAC 


- 


100 


- 


100 


- 


120 


- 


150 


ns 


2,3 


Access Time 
from CAS 


tCAC 


- 


30 


- 


30 


- 


35 


- 


40 


ns 


3,5 


Access Time 
from OE 


tOAC 


- 


30 


- 


30 


- 


35 


- 


40 


ns 


3 


Address 
Access Time 


*AA 


- 


45 


- 


45 


- 


55 


- 


70 


ns 


3,6 


Output Buffer 
Turn-off Delay 
Referenced to CAS 


tOFFl 


- 


25 


- 


25 


- 


30 


- 


40 


ns 


7 


Output Buffer 
Turn-off Delay 
Referenced to OE 


tOFF2 


- 


25 


- 


25 


- 


30 


- 


40 


ns 


7 


Read Command 
Setup Time 


tRCS 





- 





- 





- 





- 


ns 




Read Command 
Hold Time 


tRCH 





- 





- 





- 





- 


ns 


12 


Read Command Hold 
Time Referenced 
to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


ns 


12 


RAS to Column 
Address Delay Time 


tRAD 


20 


55 


20 


55 


20 


65 


25 


80 


ns 


5,6 


Page Mode 
Cycle Time 


tpc 


55 


- 


55 


- 


65 


- 


80 


- 


ns 




CAS Precharge 
Time 


tcp 


10 


- 


10 


- 


15 


- 


20 


- 


ns 




Access Time from 
CAS Precharge 


tACP 


- 


50 


- 


50 


- 


60 


- 


75 


ns 




RAS Pulse Width 
in Page Mode 


tRASP 


0.1 


100 


0.1 


100 


0.12 


100 


0.15 


100 


jus 
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Write Cycle (RAM), Page Mode Write Cycle 


















Parameter 


Symbol 


HM538121-10 


HM538121-11 


HM538121-12 


HM538121-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command 
Setup Time 


twcs 





- 





- 





- 





- 


ns 


9 


Write Command 
Hold Time 


*WCH 


25 


- 


25 


- 


25 


- 


30 


- 


ns 




Write Command 
Pulse Width 


twp 


15 


- 


15 


- 


20 


- 


25 


- 


ns 




Write Command to 
RAS Lead Time 


tRWL 


30 


- 


30 


- 


35 


- 


40 


- 


ns 




Write Command to 
CAS Lead Time 


tcWL 


30 


- 


30 


- 


35 


- 


40 


- 


ns 




Data-in 
Setup Time 


tDS 





- 





- 





- 





- 


ns 


10 


Data-in 
Hold Time 


tDH 


25 


- 


25 


- 


25 


- 


30 


- 


ns 


10 


WE to RAS 

Setup Time 


tws 





- 





- 





- 





- 


ns 




WE to RAS 

Hold Time 


*WH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




Mask Data to 
RAS Setup Time 


*MS 





- 





- 





- 





- 


ns 




Mask Data to 
RAS Hold Time 


*MH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




OE Hold Time 

Referenced to WE 


tOEH 


10 


- 


10 


- 


15 


- 


20 


- 


ns 




Page Mode 
Cycle Time 


tpc 


55 


- 


55 


- 


65 


- 


80 


- 


ns 




CAS Precharge 
Time 


tcp 


10 


- 


10 


- 


15 


- 


20 


- 


ns 




RAS Pulse Width 
in Page Mode 


tRASP 


0.1 


100 


0.1 


100 


0.12 


100 


0.15 


100 


jas 




Read-Modify-Write Cycle 


Parameter 


Symbol 


HM538121-10 


HM538121-11 


HM538121-12 


HM538121-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write 
Cycle Time 


tRWC 


255 


- 


255 


- 


295 


- 


350 


- 


ns 




RAS Pulse Width 


tRWS 


165 


10000 


165 


10000 


195 


10000 


240 


10000 


ns 




CAS to WE Delay 


*CWD 


65 


— 


65 


— 


75 


— 


90 


— 


ns 


9 


Column Address 
to WE Delay 


*AWD 


80 


- 


80 


- 


95 


- 


120 


- 


ns 


9 


OE to Data-in 
Delay Time 


tODD 


25 


- 


25 


- 


30 


- 


40 


- 


ns 




Access Time 
from RAS 


tRAC 


- 


100 


- 


100 


- 


120 


- 


150 


ns 


2,3 


Access Time 
from CAS 


tCAC 


- 


30 


- 


30 


- 


35 


- 


40 


ns 


3,5 


Access Time 
from OE 


tOAC 


- 


30 


- 


30 


- 


35 


- 


40 


ns 


3 


Address 
Access Time 


*AA 


- 


45 


- 


45 


- 


55 


- 


70 


ns 


3,6 
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HM538121 Series 



Read-Modify-Write Cycle (continued) 



Parameter 


Symbol 


HM538121-10 


HM538121-11 


HM538121-12 


HM538121-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


RAS to Column 
Address Delay 


tRAD 


20 


55 


20 


55 


20 


65 


25 


80 


ns 


5,6 


Output Buffer 
Turn-off Delay 
Referenced to OE 


tOFF2 


- 


25 


- 


25 


- 


30 


- 


40 


ns 




Read Command 
Setup Time 


*RCS 





- 





- 





- 





- 


ns 




Write Command to 
RAS Lead Time 


tRWL 


30 


- 


30 


- 


35 


- 


40 


- 


ns 




Write Command to 
CAS Lead Time 


tcWL 


30 


- 


30 


- 


35 


- 


40 


- 


ns 




Write Command 
Pulse Width 


t W p 


15 


- 


15 


- 


20 


- 


25 


- 


ns 




Data-in 
Setup Time 


*DS 





- 





- 





- 





- 


ns 


10 


Data-in 
Hold Time 


*DH 


25 


- 


25 


- 


25 


- 


30 


- 


ns 


10 


WE to RAS 
Setup Time 


tws 





- 





- 





- 





- 


ns 




WE to RAS 
Hold Time 


t\VH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




Mask Data to 
RAS Setup Time 


*MS 





- 





- 





- 





- 


ns 




Mask Data to 
RAS Hold Time 


tMH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




OE Hold Time 
Referenced to WE 


tQEH 


10 


- 


10 


- 


15 


- 


20 


- 


ns 





Refresh Cycle 
























Parameter 


Symbol 


HM538121-10 


HM538121-11 


HM538121-12 


HM538121-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 
(CAS Before 
RAS Refresh) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS Before 
RAS Refresh) 


tCHR 


20 


- 


20 


- 


25 


- 


30 


- 


ns 




RAS Precharge to 
CAS Hold Time 


*RPC 


10 


- 


10 


- 


10 


- 


10 


- 


ns 





Transfer Cycle 






















Parameter 


Symbol 


HM538121-10 


HM538121-11 


HM538121-12 


HM538121-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


WE to RAS 
Setup Time 


tws 





- 





- 





- 





- 


ns 




WE to RAS 
Hold Time 


*WH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




SEtoRAS 
Setup Time 


*ES 





- 





- 





- 





- 


ns 




SEtoRAS 
Hold Time 


tEH 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




RAStoSC 
Delay Time 


tSRD 


25 


- 


30 


- 


30 


- 


35 


- 


ns 
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HM538121 Series 



Transfer Cycle (continued) 



Parameter 


Symbol 


HM538121-10 


HM538121-11 


HM538121-12 


HM538121-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


SCtoRAS 

Setup Time 


tSRS 


30 


- 


40 


- 


40 


- 


45 


- 


ns 




DT Hold Time 
from RAS 


tRDH 


80 


- 


90 


- 


90 


- 


110 


- 


ns 




DT Hold Time 
from CAS 


tCDH 


20 


- 


30 


- 


30 


- 


45 


- 


ns 




Last SC to 
DT Delay Time 


tSDD 


5 


- 


5 


- 


5 


- 


10 


- 


ns 




First SC to 
DT Hold Time 


tSDH 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




DTtoRAS 

Lead Time 


tDTL 


50 


- 


50 


- 


50 


- 


50 


- 


ns 




DT Hold Time 
Referenced to 
RAS High 


tDTHH 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




DT Precharge Time 


tDTP 


30 


— 


35 


— 


35 


— 


40 


— 


ns 




Serial Data Input 
Delay Time from RAS 


tsID 


50 


- 


60 


- 


60 


- 


75 


- 


ns 




Serial Data Input 
to RAS Delay Time 


tSZR 


- 


10 


- 


10 


- 


10 


- 


10 


ns 




Serial Output 
Buffer Turn-off 
Delay from RAS 


tSRZ 


10 


50 


10 


60 


10 


60 


10 


75 


ns 


7 


RAS to S out (Low-Z) 
Delay Time 


tRLZ 


5 


- 


10 


- 


10 


- 


10 


- 


ns 




Serial Clock 
Cycle Time 


tscc 


30 


- 


40 


- 


40 


- 


60 


- 


ns 




Serial Clock 
Cycle Time 


tsCC2 


40 


- 


40 


- 


40 


- 


60 


- 


ns 


13 


Access Time 
from SC 


tSCA 


- 


30 


- 


35 


- 


40 


- 


50 


ns 


4 


Serial Data-out 
Hold Time 


*SOH 


7 


- 


7 


- 


7 


- 


7 


- 


ns 


4 


SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-in 
Setup Time 


tsis 





- 





- 





- 





- 


ns 




Serial Data-in 
Hold Time 


tsiH 


15 


- 


20 


- 


20 


- 


25 


- 


ns 
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HM538121 Series 
Serial Read Cycle 



Parameter 


Symbol 


HM538121-10 


HM538121-11 


HM538121-12 


HM538121-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


40 


— 


60 


— 


ns 




Access Time from SC 


tSCA 


— 


30 


— 


35 


— 


40 


— 


50 


ns 


4 


Access Time from SE 


tSEA 


— 


25 


— 


30 


— 


30 


— 


40 


ns 


4 


Serial Data-out 
Hold Time 


tSOH 


7 


- 


7 


- 


7 


- 


7 


- 


ns 


4 


SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Serial Output 
Buffer Turn-off 
Delay from SE 


tSEZ 


- 


25 


- 


25 


- 


25 


- 


30 


ns 


7 



Serial Write Cycle 
























Parameter 


Symbol 


HM538121-10 


HM538121-11 


HM538121-12 


HM538121-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Serial Clock 
Cycle Time 


tscc 


30 


- 


40 


- 


40 


- 


60 


- 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


*SCP 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-in 
Setup Time 


tsis 





- 





- 





- 





- 


ns 




Serial Data-in 
Hold Time 


tsiH 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




Serial Write 
Enable Setup Time 


tsws 





- 





- 





- 





- 


ns 




Serial Write 
Enable Hold Time 


tsWH 


30 


- 


35 


- 


35 


- 


50 


- 


ns 




Serial Write Dis- 
able Setup Time 


tswis 





- 





- 





- 





- 


ns 




Serial Write Dis- 
able Hold Time 


tsWIH 


30 


- 


35 


- 


35 


- 


50 


- 


ns 





Notes: 



10. 



AC measurements assume tx = 5 ns. 

Assumes that tRCD ^ tRCD (max) and tRAD - tRAD (max). If tRCD or *F AD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 
When tRCD - tRCD (max) and tRAD - tRAD (max), access time is specified by tcAC- 
When tRCD ^ tRCD (max) and tRAD ^ tRAD (max), access time is specified by tAA- 

toFF (max) is defined as the time at which the output achieves the open circuit condition (Vqh ~~ 200 mV, Vql + 200 mV). 
Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Transition times are measured between 
V IH and V IL . 

When t\ycs - twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 
condition. When tAWD - tAWD (min) and tcwD - tcwD (min), the cycle is a read-modify-write cycle; the data of the 
selected address is read out from a data output pin and input data is written into the selected address. In this case, imped- 
ance on I/O pins is controlled by OE. 

These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or a read- 
modify-write cycles. 

After power-up, pause for 100 jits or more and execute at least 8 initialization cycles (normal memory cycles or refresh 
cycles), then start operation. 

If either tRCH or tRRH is satisfied, operation is guaranteed. 

tcc2 is defined as the last SAM cycle time before read transfer in read transfer cycle (1). 
When I/O or SI/O is in the output state, data input signals must not be applied to I/O or SI/O. 

When SE is low after power on, SI/O is in the output state. Data input signals must not be applied to SI/O in this time. 
When CAS and DT/OE are both low after power on, it is possible that I/O is in the output state. Data input signals must 
not be applied to I/O in this time. 
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HM538121 Series 



■ TIMING WAVEFORMS 
• Read Cycle 















RAS .! 








J 


r «? _: 


\ 




n tRCD L^—tRSH —i 

— tCSH ; ' 


_Jl 


T _ r " 




CAS 


tRAU 

tRAH 


tAcc 


tCAS- 


i m ^ 




tAsr 


1 


_iCAH 


1 ' 




Address J}. 










1 


HOV I////I ecu- Illll II III III 




1 


1 tag 




1 tRCH 

»pph yj 


m llll/l 1 III 1 ll\ 


-<CAC ■ 




y/iii/n 


1/0 


-• — tRAC- 


-, tAA » 


— tOFFl - 


5 — 

^5 






:. VALID 


(OUTPUT) 




t( 


tDZC 




3AC 


I/O if //J 


II 1 1 1 1 1 1 1 1 




(INPUT) 1 1 1 1 1 1 1 1 1 1 1 1 1 1. 


tDZO 


tOFF2 


tDTS 


tivni -^ 








y 




DT/OE // 


l. ] - 




ilium 


■inn 










I///1; Don't car* 


0087-6 



• Early Write Cycle 



RAS 



CAS 



-tRC- 



-tRAS- 



-tRCD 



•tRSH- 



tCSH- 



L. 



•tRP- 



-tC;{? 



-siLJU 



1 



-tCAS - 



ZZLjbJJZZZZZZI 



i 



tVS I 1 twill ' 

TK7 WTh: 



tASC 1 1 tCAH . I 

~"Ht ' I 



«« VI II 1/7777 



t«CS J tWCH I 



-tWP- 



1/0 
(INPUT) 



231 



I tDS J tDH 



I/O 
(OUTPUT)"" 



tDTS 



DT/6U / II 



mum 's f n iiiiuui 



iiiiiiiii 



HIGH-Z 



V / X \ Don't c*re 



Note: *1. When WE is high level, all the data on I/Os can be written into the memor y cell . When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM538121 Series 



• Delayed Write Cycle 



HAS 



CAS 



tASR 



Address 



-tRC- 



— tRCO - 



-tRAS . 



t tRP 



- tRSH- 



tCAS " 



tCRP 

.tn 



T 



t ASCII 



♦.CSH 



I I I 



Ik . ROtf t^ V j. CJLUMN 



ll 



tVS tRAll 



tCAH j 



iiiiiiinii i in I ll 



Wl: 



i rT~u rm 



tqts 



DT/OF. J 



I/O 
(OUTPUT) 



3 



tHU, 



tDS 



-tVCH- 
-tVP — 



-tRVL- 
-tCVL r 



1111111111 



toiai 



■ K///////////777 



ton 



VALID DATA IN 



yiiiiiiiui, 



I/O 
(INPUT) 



HIGH-Z 



1///1 ; Don't c»r« 



Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 

• Read-Modify-Write Cycle 



RAS 



CAS 



tCg£ 

I 



j M 



t ASR 

I ' I 



-tRVC- 



Address 



tfE 



I/O 
(INPUT) 



22f 



-tRVS- 



f tRP 



-tCSH- 



1RCD- 



-"tRAD— i IL. 



-tCx\S- 



, $3AH 



ROW 



tASC 



1 



tWSH t tfH 

77ZZZH(ZZ| 



.aA , coi 



2ZZL*j 



-UDZC- 



1/0 
(OUTPUT) 



tDTS 



DT/OE //// 



KCAH- 



tRSU 



COLUMN 



tRAC 



tpzq i 

tDTH^ 



i_ 



T/77//////777//7T 



-tCWD- 



tODDl 
-tCAC-dTl 



'3 



-tCWL- 
-tR¥L- 
-tVP— 



VALID 
Din 



tAA ^, Pout. 



tOAC 



CZ2_j 



VALIFa 



jOFFj. 



'.> 



VTT7TT 



Ullllllll. 



tOEH 



777777, 



; Don't c«r« 



Note: *1. When WE is high level, all the data on I/Os can be written into the memor y cell . When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM538121 Series 



• Page Mode Read Cycle 



-tKC- 



CAS 



Address 



.3 



-tRASP- 



tRCI 



RAlftASC 



I 



-tCAS- 



tCAH 



I/O 
(OUTPUT)" 



-tPC- 



~tCP-^. 



tASC 



*. VI/llllll 



ninwn W 



t- 



I/O 
(INPUT) 



ZEZZZZfc 



IDTS 



DT/OE 



m 



tDZO 
lUTII "I tOAC 



(Q 



tCAH 



COLUMN 



jtCAC 



tOFFl f~tAA- 



VALID 
Pout 



-tACP- 



tOFF2 



m 



mm 



tDZO 
tOAC 



| tRCH i 



tCAC 
tOFFl tAA 

'" -tAd 



-tHSII- 
- tCAS - 



-tRP 



-A 



tCA 



-tCRP- 



jnm^miiiiLLLu. 

tRcii i nTjtncs h ~ t.iimi» 



VALID 
Dout 



y 



<B 



tOFF2| 



-< 



zzn 



UQZQ 
tOAC 



-tltUI 



VALID 
Dout 



tOl'1'2 



j 



WL 



7777777 



l^Z/l; Ihm' i 



• Page Mode Write Cycle (Early Write) 



tASR 



Address [_]} 

« 2) 



-tRC- 



-tCSH- 



3 



-tCAS- 



tCAHl 



COLUMN 



-tPC- 



.1— tCP — ! 

'I tASC 



:(zzzzza: 



-tCAS- 



tCAH 



COLUMN 



€ 



(INPUT) / /^ * l 



I/O 
(OUTPUT) 



H-tWP 



VALID 
Din 



mm 



tASC 



^_tCAS . 



tCAH 



tWII tWCS tWCH tVCS tWCH tWCS «WCII 

^ nr^J77777H hl77777Hh 11/1/1/1/1/ 

I H-, t.wp — -r * MP'! ..J I-* ' twp^^H 



-v 



mnrn immni i 1 1 1 1 1 1 1 1 , 



VALID 
Din 



(ZZZZ 



VALID 
Din 



' j/iiiiiiiii 



HIGH-Z 



DT/OE 



IDTS tDTII 

mr iiiimiiiiii/iiiiii/iiii/iiiiiiiiiiiiii 



l///) t Don't care 



Note: *1. When WE is high level, all the data on I/Os can be written into the memor y cell . When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM538121 Series 



• Page Mode Write Cycle (Delayed Write) 



*RC 



■*-*RCD- 



*RASP ■ 



*CSH- 



-^AS 



*CAH 

«« — *■ 



Addr^s 7 ± EOW %^-^%J ///////% 



"*— *CAS -*■ 



\ £ZZs^T—K / 



i/o 

(INPUT) 



I/O 
(OUTPUT) 



DT/OE 



Vrs. 






■*— *CAS — *■ 



- *RSH - 



^<RP- 



*CAH 



-« — *CRP ■ 



KMZMZZZMZM1 



■ ^S ^H , ^ (^ tpH t„ s H* *DH ^s 



-T 



*WS . *CWL *CWL U *CWL— H 

•«-*■ *WH « »| * » | /■ 
— - U— t wp t wp -« *RWL *• 



W/////////////////M . 



^EH 



WMMZZMZMZ 



1/ /I ; Don't car© 



Note: *1. When WE is high level, all the data on I/Os can be written into the memor y cell . When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 

• RAS Only Refresh Cycle 



RAS 



tCRP 



m IJH 

tASRi 



-tRAS- 



tRP 



;RPC 



tRAH 



Address / / //I ROW 



'I ! 



I/O 
(OUTPUT) 



I/O 
(INPUT) 



ZZZZ5 



tDTS 



DT/OE / // 



\jimiiiini 



tiiiiiiniiiiiiliiiiiiiiiii 



High-Z 



/////////////////////////////, 



tDTH 



\ tiiiiiiiiiiiiiiiiiniiiii 



1ZZ2; Don't car* 
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• CAS Before RAS Refresh Cycle 



HM538121 Series 



k-*RP— . 



Wc 



\ 



*CSR 



*RC 



-*— *RAS — *- 



X / — \ 



^CHR 



h— W-^ 



/ 



*CRP 



— w///////////////////////////// 



I/O 
(OUTPUT) 



•m y//////////////////////////////, 



TT7\ ; Don't < 
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HM538121 Series 



• Hidden Refresh Cycle 



RAS tCRP, 



en 57 



tASR 



-tRC- 



tRAS- 



r-tRCD- 



tRAD 

'tRAH T 
fc'ASC 



Address ' I JL ROW 



i 



-tRSH- 



tRP 



-tRC- 



■tRAS- 



-tCHR- 



tRP 



t tCAH _ 



COLUMN 



tRCS 



WE 



ZZZZZZ7 



i/o 

(OUTPUT) 



tDTS 



DT/OE jL/ 



tDZO 



I/O 7 
(INPUT) 



ZIZ> 



yiiiiiiiiiiiiiiiiiiu 



tRRH 



yiiiiiiiiiiiim 



-tAA- 



i 



tRAC- 

tDIH tCAC 



tDZC 



TTn -—tOAC-^ 



tOFFl 



VALID DATA OUT 



tOFF2 



/ 



> 



HIGH-Z 



; Don t car« 
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HM538121 Series 



• Read Transfer Cycle (1) 1, 2 



RAS 



CAS 



tASR 



71: 

Guress // ! 



tRC- 
tRAS 



tRCD 



tSM 



ROW 



tASC 



I/O 
(OUTPUT)" 



• tRSH- 



■tCAS- 



tRP 



tCR? 



tCAH 



K t "vr iiinmim a i am 

- — tcsfi-. : — , i 



« VLJL- J/////////////////////77T7 

tWS tWH I 



I/O 
(INPUT) 



HIGH-Z 
7tCDH 



tDTL — 



tDTS 



DT/OE 



SC 



■ m: 



tRDH- 



tSOH T 



SI/O 77V VALID 
(OUTPUT) IK 



■tscc- 



-tSCg 



•tSDD 
-tSCC2- 



tDTHH 



/ 



tDTP 



tSDH. 



WH 



\—F~^^~V 



Sout 



:(zzd 



tSCA 



VALID 
Sout 



Previous Row- 



XZZZXEQZBS^m 



-New Row 



SI/0 
(INPUT) 



HIGH-Z 



V / A \ Don't care 



Notes: 1. When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (1). 
2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
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HM538121 Series 



• Read Transfer Cycle (2) 1, 2 



RAS 



CAS tASR 

7 



Address 



tRC- 



• tRAS • 



tRCD 



tRSH 



i- 



-tCAS- 



tRP 



tRAH 



tASC I , tCAH 



'll^_M 



fl I] 



;VS 



I/O 
(OUTPUT)" 

I/O 
CINPUT) 



SAM START 
ADD. 



i 



tCRP 



tCSH 1 



tiiiiiiiiiiiiiiiin. 



tWH 



vim nun nun mum 



High-Z 
. tCDH- 



I tDTL 



v// 



tDTS 



DT/OE ) 



SC 






SI/O 
(OUTPUT)" 



SI/O 
(INPUT) 



. tRDH- 



tDTP 



tSDH 



tDTHH 



tRLZ- 



tbSIH 



-tsis 



VALID 
Sin 



.tSC 



yiiiniii 



/ 



-tscc- 

• tSCAH 



viiiiiiniiiimn srm 



tSOH 



tSZR 



ZZ3; Don't care 

U I % ; Inhibit rising transient 



Notes: 1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 
2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
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HM538121 Series 



• Pseudo Transfer Cycle 



RAS 



-tRC- 

tRAS 



£RCD 



CAS tASR 



Address 



i 



%-$ 



ttAsql 

tRAH ' r tCAH 
M 



tVS 



« TTi 



- tRSH- 
. tCAS- 



.tRP 



tCRP 



SAM Si ART 
ADD. 



Vllllllllllllll 



tVH 



tesH 



)//////////////////////// 



tDTS 



DT/OE /? . 



SE U\ 



tDTll 



miuimiiiiiiiiiiiiiin 



tSC 



sc 



SI/0 
(INPUT) 



IES" 



ynniiimiiiiiiiiiniii 

"EST I tSRDl tSCC 1 



tSRS 



wmnumm . 



tSOH 



tSID 



SI/0 
(OUTPUT) 



*SCA 



1 



tSRZ- 



tSCF 



tSIS 



i mam 



-tSC \ 



tSIH 



VALID 
Sin 



mm 



I/O ; Don't care 
1///1 ; Don't care 

3; Inhibit rising transient 
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• Write Transfer Cycle 



RAS 



CAS 



tASR 



Address 



2t 



-tRC- 



-tRAS- 



-tRCD- 



-tRSH- 



tCAS 



tRP 



tRAH 



ROW 



tws 



« Dl 



tDTS 



DT/OS Jt 



tES 



SE _/[ 



tSRS 



SC 



tSIS 



SI/O \~ VALID 



(INPUT) 



SI/O 
(OUTPUT)"" 



./ 



u 



tASC 



tCRP 

T 



'[tCAH 



SAM START 
ADD. 



\ 



fTTTTTIIIliill!il 



t «H 



tVH | | 



tDTH 



nimimiumiiimiimi. 



tEH | 

i KSRQJL tgqp »,i 



^tsc 

- tSIH 



mwmtm 



Sin 



-tSCP^ 



uiiiiiiiiuih 



jSIS 



«tsc — 

.tSIH 



\ / 



VALID 
Sin 



2M 



VALID 
Sin 



HIGII-Z 



EZ2; Don't care 

]; Inhibit rising transient 
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HM538121 Series 



• Serial Read Cycle 



RAS 



tDTS 



^wmmnmmm — v/////////// 



\ 



— *RAS 



/ 



SE 



SC 



/ 



— *SCC 

Msc-H 



SI/0 
(OUTPUT) 



J^)l 



-frtsCP-i- 



*scc 



X 



■^SCP-*- 



.*. t sc _>J - h tsc -^ 



X^Zfek 



-«— *SCA — *- 



(n-1) 

Vez 



■ *scc 




h- x SCA-H( n+1 ) 



[22! 5 Don't car© 



Note: 1. Address is accessed next to address 255. 
• Serial Write Cycle 



RAS 



VrS 



™ '///////////////7777m V/V//7///// 



■ Ws 



» win 

fcz 



/ 



SE 



/ 



-tscc 



*--*- x SWH-»" 



tsWHH 



^WIS X SWIH 

►■*• »- 



tscc ■ 



^mmmfmmnmi 



—/ (n-2) flC 3 (n-1) flE =fj (n) flE 3 (n+1 



X 



*- ^ws -*» 



(INPUT) 



^IS 



VALID 
Sin(n+1) 



km 



^IS 




^IH 



1/ /I ; Don't care 



Note: 1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
2. Address is accessed next to address 255. 
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HM538121A Series 

262,144-Word x 4-Bit Multiport CMOS Video RAM 

■ DESCRIPTION 

The HM538121A is a 1-Mbit multiport video RAM 
equipped with a 128k-word x 8-bit dynamic RAM and a 
256-word x 8-bit SAM (serial access memory). Its RAM and 
SAM operate independently and asynchronously. It can 
transfer data between RAM and SAM and has write mask 
function. * 

■ FEATURES 

• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM 

and SAM Capability 

RAM: 128k-word x 8-bit and SAM: 256-word x 8-bit 

• Access Time RAM 80 ns/100 ns (max) 

SAM 25 ns/25 ns (max) 

• Cycle Time RAM 150 ns/190 ns (min) 

SAM 30 ns/30 ns (min) 

• Low Power 

Active RAM 360 mW (max) 

SAM 280 mW (max) 

Standby 38.5 mW (max) 

• High-Speed Page Mode Capability 

• Mask Write Mode Capability 

• Bidirectional Data Transfer Cycle between RAM and 
SAM Capability 

• Real Time Read Transfer Cycle Capability 

• 3 V ariatio ns of Refresh (8 ms/512 cycles) 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Preliminary 



HM538121AJ Series 




(CP-40D) 



HM538121AZ Series 




(ZP-40) 



Part No. 


Access Time 


Package 


HM538121AJ-8 
HM538121AJ-10 


80 ns 
100 ns 


400 mil 40-pin 
Plastic SOJ 
(CP-40D) 


HM538121AZ-8 
HM538121AZ-10 


80 ns 
100 ns 


475 mil 40-pin 
Plastic ZIP 
(ZP-40) 


■ PIN DESCRIPTION 


Pin Name 


Function 


Ao-Ag 


Address Inputs 


I/O -I/O 7 


RAM Port Data Inputs/Outputs 


SI/O0-SI/O7 


SAM Port Data Inputs/Outputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Write Enable 


DT/OE 


Data Transfer/Output Enable 


SC 


Serial Clock 


SE 


SAM Port Enable 


v C c 


Power Supply 


v S s 


Ground 


NC 


No Connection 



■ PIN OUT 






HM538121AJ Series 


sc c 


1 


40 


: vss 


SKD0 C 


2 


39 


3 SH07 


SIC1 c 


3 


38 


3 SIO6 


SIC2 C 


4 


37 


: S105 


S103 C 


5 


36 


3 SI04 


DTCEt 


6 


35 


3 se 


100 c 


7 


34 


3 I07 


I01 c 


8 


33 


3 voe 


102 c 


9 


32 


3 K» 


I03 I 


10 


31 


D KM 


Voc c 


11 


30 


3 Vss 


WE c 


12 


29 


D NC 


NC C 


13 


28 


3 NC 


IW c 


14 


27 


3 CAS 


NC C 


15 


26 


: nc 


A8 C 


16 


25 


3 fio 


A6 c 


17 


24 


3 A1 


PS c 


18 


23 


3 A2 


M C 


19 


22 


3 A3 


Vac C 


20 


21 


3 A7 








0088-1 


(Top View) 



HM538121AZ Series 




(Bottom View) 



1152 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



BLOCK DIAGRAM 



HM538121A Series 
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A0-A7 4- 




4rA0~A8 








Column Address 
Buffer 




Row Address 
Buffer 


^ 


Refresh 
Counter 
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+ 










Serial Address 










Row Decoder 




Counter 
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+ 










1/1 






















3 
03 




Memory Array 










<U 








q; 


g 














o 








"O 

O 
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3 
OQ 


a 








a 


QJ 








0) 




g 


c 
E 








c 
E 

3 


a 
F 












< 


_3 
O 

u 








O 


< 












i/i 


? 








u 


c 

0) 

to 














< 

to 








, t 
















t 














* 




k 


Input Data 
Control 






Serial Output 
Buffer 


Serial Input 
Buffer 




f 










A 


k. 






l + 










+ 




0} 






SI/OO-SI/07 






-*.£ 












12 en 
Sen 




































Input 
Buffer 


Output 
Buffer 




Timing Generator 






t 1 




















± 
















I/00-I/07 J 


!> <! 


i C 


> c 


!> c 


> ( 


> 
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HM538121A Series 

■ PIN FUNCTIONS 

RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address a nd sig nals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of these signals determine the operation cycle of 
theHM538121A. 



• Table 1. 


Operation Cycles of the HM538121A 


Input Level at the Falling Edge of RAS 


Operation Mode 


CAS 


DT/OE 


WE 


SE 


L 


X 


X 


X 


CBR Refresh 


H 


L 


L 


L 


Write Transfer 


H 


L 


L 


H 


Pseudo Transfer 


H 


L 


H 


X 


Read Transfer 


H 


H 


L 


X 


Read/Mask Write 


H 


H 


H 


X 


Read/Write 



Note: X: Don't care. 

CAS (input pin) : Co l umn a ddress is fetched into chip at the 
falling edge of CAS. CAS controls output impedance of I/O 
in RAM. 

Arj-A8 (input pins): Row address (AXp -AXe ), is determined 
by Aq-As level at the falling edge of RAS. Column (AYo- 
AY7) ad dres s is determined by Aq-As level at the falling 
edge of CAS. In transfer cycles, row address is the address 
on the word line which transfers data with SAM data regis- 
ter, and column address is the SAM start address after 
transfer. 

W E (inp ut pin): WE pin has two functions at the falling edge 
of R AS and after. When WE is low at the falling edge of 
RAS, the HM538121A turns to mask write mode. According 
to the I/O level at the time, write o n eac h I/O can be 
masked. (WE level at the falling edge of RAS is don't care in 
read cycle.) When WE is high at the falling edge of RAS, a 
normal write cycle is executed. After that, WE switches 
read/write cycles as in a standard DRAM. In a transfer cy- 
cle, the direction of transfer is determined by WE level at 
the falling edge of RAS. When WE is low, data is transferred 
from SAM to RAM (data is written into RAM), and when WE 
is high, data is transferred from RAM to SAM (data is read 
from RAM). 

I/O0-I/O3 (input/output pi ns): I/O pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only to high I/O pins. Data on low I/O pins are 
masked and internal data are retained. After that, they func- 
tion as input/output pins as those of a standard DRAM. 

DT/OE (input pin): DT/OE pin func tions as DT (data trans- 
fer) pin at the falling edge_of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle beco mes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 

SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data outputs from an Sl/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an Sl/O 
pin at the rising edge of SC is fetched into the SAM data 
register. 



SE (input pin): SE pin activates SAM. When SE is high, Sl/O 
is in the high impedance state in serial read cycle and data 
on Sl/O is not fetched into the SAM data register in serial 
write cycle. SE can be used as a mask for serial write be- 
cause internal pointer is incremented at the rising edge of 
SC. 

SI/O0-SI/O7 (input/output pins): Sl/Os are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
Sl/O outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, Sl/O inputs data. 

■ OPERATION OF HM538121A 

• RAM Read Cycle (DT/OE high and CAS high at the fall- 
ing edge of RAS) 

Row address is en tered at the RAS falling edge and col- 
umn address at the CAS falling^ edge to the device as in 
standard DRAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected a ddres s data output s thro ugh 
I/O pin. At the falling edge of RAS, DT/OE and CAS be- 
come high to distinguish RAM read cycle from transfer cycle 
and CBR refresh cycle. Address access time (tAA) and RAS 
to column address delay time (tRAD) specifications are add- 
ed to enable high-speed page mode. 

• RAM Write Cycle (Early Write, Del ayed Write, 
Read-Modify-Write) (DT/OE high and CAS high at the fall- 
ing edge of RAS) 

• Norm al Mode Write Cycle (WE high at the falling edge of 
RAS) 

When CAS and WE are set low after driving RAS low, a 
write cycle is executed and I/O data is written in the select- 
ed addresses. When all 8 l/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle a nd I/ O becomes in high im- 
pedance. Data is entered at the C AS falling edge. 

If WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling. 
I/O does not become high impedance in this cycle, so data 
should be entered with OE in high. 

If WE is set low after tcwD (min) and tAWD (min) after the 
CAS falling edge, this cycle becomes a read-modify-write cy- 
cle and enables read/write at the same address in one cy- 
cle. In this cycle also, to avoid I/O contention, data should 
be input after reading data and driving OE high. 

• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode cycle which writes only to select- 
ed I/O. Whether or not an I/O is writ ten d epends on I/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high I/O pins and masked in low ones and inter- 
nal d ata is retained. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is retained during the page access. 
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• High-Speed Page M ode C ycle (DT/OE high and CAS 
high at the falling edge of RAS) 

High-speed page mode cycle reads/writes the data o f the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle. Note that address access time (tAA). RAS t o co lumn 
address delay time (tRAD). and acces s time from CAS pre- 
charge (tACp) are added. In one RAS cycle, 256-word mem- 
ory cells of the same row address can be accessed. It is 
necessary to specify access frequency within tRASP m ax 
(100 juts). 

• Transfer Operation 

The HM538121A provides the read transfer cycle, pseudo 
transfer cycle and write transfer cycle as da ta tra nsfer cy- 
cles. These transfer cycles are se t by driving CAS high and 
DT/OE low at the falling edge of RAS. They have following 
functions: 

(1) Transfer data between row address and SAM data regis- 
ter (except for pseudo transfer cycle). 

Read transfer cycle: RAM to SAM 

Write transfer cycle: SAM to RAM 

(2) Determine Sl/O state 

Read transfer cycle: Sl/O output 

Pseudo transfer cycle and write transfer cycle: Sl/O 
input 

(3) Determine first SAM address to access after transferring 
at column address (SAM start address). 

SAM start address must be determined by read trans- 
fer cycle or pseudo transfer cycle after power on, and 
determined for each transfer cycle. 

• Read Transfer Cycle (CAS high, DT/OE low and WE 
high at the falling edge of RAS) 

This c ycle becomes read transfer cycl e by d riving DT/OE 
low and WE high at the falling edge of RAS. The row ad- 
dress data (256 x 8-bit) determined by this cycle is trans- 
ferred to SAM data register synchronously at the rising edge 



HM538121A Series 

of DT/OE. After the rising edge of DT/OE, the new address 
data outputs from SAM start address determined by column 
address. In read transfer cycle, DT/OE must be risen to 
transfer data from RAM to SAM. 

This cycle can access SAM even during transfer (real 
time read transfer). In this case, the timing tsoD ( min ) speci- 
fied _between the last SAM access before transfer and 
DT/OE rising edge and tsDH (min) specified between the 
first SAM access and DT/OE rising edge must be satisfied. 
(See figure 1 .) 

When read transfer cycle is executed, Sl/O becomes out- 
put state by first SAM access. Input must be set high imped- 
ance before tszs ( min ) of tne first SAM access to avoid data 
contention. 

• Pseudo Transfer Cycle (CA S high , DT/OE low, WE low 
and SE high at the falling edge of RAS) 

Pseudo transfer cycle switches Sl/O to input state and 
set SAM start address wit hout d ata transfer to RAM. 

This_ cycle starts when CAS is h igh, D T/OE low, WE low 
and SE high at the falling edge of RA S. Da ta should be in- 
put to Sl/O later than tsio (min) after RAS becomes low to 
avoid data cont ention . SAM access becomes enabled after 
tsRD (min) after RAS becomes high. In this cycle, SAM ac- 
cess is inhibited during RAS low, therefore, SC must not be 
risen. 

• Write Transfer Cycle (CAS high , DT/OE low, WE low 
and SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred in to RA M is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address for serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tsRD (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC must not be risen. 

Data transferred to SAM by read transfer cycle can be 
written to other address of RAM by write transfer cycle. 
However, the address to write data must be the same MSB 
of row address (AX8) as that of the read transfer cycle. 




X . Xi X Yj X " 



y 



«— ► 



4^ 




SAM Data before Transfer 



yj XyFi 

SAM Data after Transfer 




Figure 1. Real Time Read Transfer 
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• SAM Port Operation 
Serial Read Cycle 

SAM port is in read mode when the previous data trans- 
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from Sl/O. When SE is 
set high, Sl/O becomes high impedance, and the internal 
pointer is incremented by the SC rising. After indicating the 
last address (address 255), the internal pointer indicates ad- 
dress at the next access. 

Serial Write Cycle 

If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, Sl/O data is fetched into data register at the SC rising 
edge like in the serial read cycle. If SE is high, Sl/O data 
isn't fetched into data register. Internal pointer is increment- 
ed by the SC rising, so SE high can be used as mask data 
for SAM. After indicating the last address (address 255), the 
internal pointer indicates address at the next access. 

• Refresh 
RAM Refresh 

RAM, which is composed of dynamic circuits, requires re- 
fresh to retain data. Refresh is executed by accessing all 
512 row addresses within 8 ms. There are three refresh cy- 

■ ABSOLUTE MAXIMUM RATINGS 



cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hi dden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required when all row addresses are ac- 
cessed within 8 ms. 

(1) RAS Only Refresh Cycle: RAS only refresh cycle is exe- 
cuted by activating only RAS cycle with CAS fixed to high 
after inputting the row address (= refresh address) from ex- 
ternahcircuits. To distinguish this cycle from da ta tra nsfer cy- 
cle, DT/OE must be high at the falling edge of RAS. 

(2) CBR Refres h Cyc le: CBR refresh cycle is set by activat- 
ing CAS before RAS. In this cycle, refresh address need not 
to be input through external circuits because it is input 
through an internal refresh counter. In this cycle, output is in 
high impedance and power dissipation is lowered because 
CAS circuits don't operate. 

(3) Hidden Refresh Cycle: Hidden refresh cycle executes 
CBR refres h with the data output by reactivating RAS when 
DT/OE and CAS keep low in normal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift register and selector), or- 
ganized as fully static circuitry, require no refresh. 



Parameter 


Symbol 


Value 


Unit 


Note 


Terminal Voltage 


V T 


-1.0 to +7.0 


V 


1 


Power Supply Voltage 


v C c 


- 0.5 to + 7.0 


V 


1 


Power Dissipation 


P T 


1.0 


w 




Operating Temperature 


Topr 


Oto +70 


°c 




Storage Temperature 


T stg 


- 55 to + 125 


°c 





Note: 1. Relative to V§s- 

■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (Ta 



Oto +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


Vil 


-0.5 


- 


0.8 


V 


1,2 



Notes: 1. All voltages referenced to Vss- 
2. - 3.0V for pulse width 10 ns. 



• DC Electrical Characteristics (Ta 


= Oto +70°C, V C c = 


5V ±10%, V S s = 0V) 






Parameter 


Symbol 


HM538121A-8 HM538121A-10 


Unit 


Test Conditions 


Min 


Max 


Min 


Max 


RAM Port 


SAM Port 


Operating 
Current 


!CC1 


— 


65 


— 


50 


mA 


RAS, CAS 

Cycling 
tR C = Min 


SC = Vi L ,SE = V IH 


ICC7 


- 


115 


- 


100 


mA 


SE = V IL , SC Cycling 
t scc = Min 


Standby 
Current 


ICC2 


— 


7 


— 


7 


mA 


RAS, CAS 
= V m 


SC = V IL ,SE = V IH 


ICC8 


- 


50 


- 


50 


mA 


SE = V IL , SC Cycling 
tscc = Min 


RAS Only 


J CC3 


— 


65 


— 


50 


mA 


RAS Cycling 
CAS = V IH 
t RC = Min 


SC = Vi L ,SE = V IH 


Refresh 
Current 


!CC9 


- 


115 


- 


100 


mA 


SE = V IL ,SC Cycling 
tscc = Min 
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HM538121A Series 



• DC Electrical Characteristics (T A = 


= to +70°C, V C c = 5V ±10%, V ss = 0V) (continued) 




Parameter 


Symbol 


HM538121A-8 HM538121A-10 


Unit 


Test Conditions 


Min 


Max 


Min 


Max 


RAM Port 


SAM Port 


Page Mode 
Current 


!CC4 


— 


70 


— 


65 


mA 


CAS Cycling 
RAS = V IL 
tpc = Min 


SC = Vi L ,SE = V IH 


!CC10 


- 


120 


- 


115 


mA 


SE = V IL , SC Cycling 
tscc = Min 


CAS Before 


!CC5 


— 


55 


— 


40 


mA 


RAS Cycling 
t RC = Min 


SC = V IL ,SE = V IH 


RAS Refresh 
Current 


ten 


- 


105 


- 


90 


mA 


SE - V IL , SC Cycling 
tscc = Min 


Data 


!CC6 


— 


75 


— 


60 


mA 


RAS, CAS 

Cycling 
t RC = Min 


SC = V IL ,SE = V IH 


Transfer 
Current 


ICC 12 


- 


125 


- 


110 


mA 


SE = V IL , SC Cycling 
tscc = Min 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


jaA 






Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


juA 






Output High 
Voltage 


V H 


2.4 


- 


2.4 


- 


V 


Ioh = ~ 2 mA 




Output Low 
Voltage 


Vol 


- 


0.4 


- 


0.4 


V 


I OL = 4.2 mA 





Note: 1. Ice depends on output loading condition when the device is selected, Ice max ls specified at the output open condition. 
• Capacitance (T A = 25°C, V cc = 5V, f = 1 MHz, Bias: Clock, I/O = Vcc. Address = V S s) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Address 


Cn 


— 


— 


5 


pF 


Clock 


Ci2 


— 


— 


5 


pF 


I/O, SI/O, QSF 


Ci/O 


— 


— 


7 


pF 



• AC Electrical Characteristics (T A = to + 70°C, V C c = 5V ±10%, V S s 
Test Conditions 



0V)L 16 



Input Rise and Fall Time 
Output Load 

Input Timing Reference Levels 
Output Timing Reference Levels 



5 ns 
See figures 
0.8V, 2.4V 
0.4V, 2.4V 



Output Load (A) 
I 0H =-2mA ^ 

I 0L = 4.2mA 



+5V 



1/0 




100pF*i 




Output Load (B) 
I H=-2mA 



+5V 



I L=4.2mA 



SI/0 



-^OpF' 



^ 





Note: *1. Including scope and jig. 
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HM538121A Series - 
Common Parameter 



Parameter 


Symbol 


HM538121A-8 


HM538121A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


*RC 


150 


— 


190 


— 


ns 




RAS Precharge Time 


*RP 


60 


— 


80 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


*CAS 


20 


— 


25 


— 


ns 




Row Address Setup Time 


*ASR 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


15 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 


ns 




Column Address Hold Time 


tCAH 


15 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


60 


25 


75 


ns 


2 


RAS Hold Time Referenced to CAS 


tRSH 


20 


— 


25 


_ 


ns 




CAS Hold Time Referenced to RAS 


tCSH 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


___ 


10 


— 


ns 




Transition Time (Rise to Fall) 


t T 


3 


50 


3 


50 


ns 


3 


Refresh Period 


tREF 


— 


8 


— 


8 


ms 




DT to RAS Setup Time 


*DTS 





— 





— 


ns 




DT to RAS Hold Time 


tDTH 


10 


— 


15 


— 


ns 




Data-in to CAS Delay Time 


*DZC 





— 





— 


ns 


4 


Data-in to OE Delay Time 


*DZO 





— 





— 


ns 


4 


Output Buffer Turn-off Delay 
Referenced to CAS 


k)FFl 


- 


20 


- 


25 


ns 


5 


Output Buffer Turn-off Delay 
Referenced to OE 


tOFF2 


- 


20 


- 


25 


ns 


5 


Read Cycle (RAM), Page Mode Read Cycle 


Parameter 


Symbol 


HM538121A-8 


HM538121A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


ns 


6,7 


Access Time from CAS 


tCAC 


— 


20 


— 


25 


ns 


7,8 


Access Time from OE 


*OAC 


— 


20 


— 


25 


ns 


7 


Address Access Time 


*AA 


— 


40 


— 


45 


ns 


7,9 


Read Command Setup Time 


tRCS 





— 





— 


ns 




Read Command Hold Time 


tRCH 





— 





— 


ns 


10 


Read Command Hold Time 
Referenced to RAS 


tRRH 


10 


- 


10 


- 


ns 


10 


RAS to Column Address Delay Time 


tRAD 


15 


40 


20 


55 


ns 


2 


Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


ns 




Column Address to CAS Lead Time 


tCAL 


40 


— 


45 


— 


ns 




Page Mode Cycle Time 


tpc 


50 


— 


55 


— 


ns 




CAS Precharge Time 


tcp 


10 


— 


10 


— 


ns 




Access Time from CAS Precharge 


*ACP 


— 


45 


— 


50 


ns 




Page Mode RAS Pulse Width 


tRASP 


80 


100000 


100 


100000 


ns 
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HM538121A Series 



Write Cycle (RAM), Page Mode Write Cycle 



Parameter 


Symbol 


HM538121A-8 


HM538121A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 


ns 


11 


Write Command Hold Time 


twCH 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


t W p 


15 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 


ns 


12 


Data-in Hold Time 


*DH 


15 


— 


20 


— 


ns 


12 


WE to RAS Setup Time 


tws 





— 





— 


ns 




WE to RAS Hold Time 


t\VH 


10 


— 


15 


— 


ns 




Mask Data to RAS Setup Time 


*MS 





— 





— 


ns 




Mask Data to RAS Hold Time 


*MH 


10 


— 


15 


— 


ns 




OE Hold Time Referenced to WE 


tOEH 


20 


— 


25 


— 


ns 




Page Mode Cycle Time 


tpc 


50 


— 


55 


— 


ns 




CAS Precharge Time 


tcp 


10 


— 


10 


— 


ns 




CAS to Data-in Delay Time 


*CDD 


20 


— 


25 


— 


ns 


13 


Page Mode RAS Pulse Width 


tRASP 


80 


100000 


100 


100000 


ns 




Read-Modify-Write Cycle 


Parameter 


Symbol 


HM538121A-8 


HM538121A-10 


Unit 


• Note 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


200 


— 


250 


— 


ns 




RAS Pulse Width 
(Read-Modify-Write Cycle) 


tRWS 


130 


10000 


160 


10000 


ns 




CAS to WE Delay Time 


*CWD 


45 


— 


55 


— 


ns 


14 


Column Address to WE Delay Time 


*AWD 


65 


— 


75 


— 


ns 


14 


OE to Data-in Delay Time 


tODD 


20 


— 


25 


— 


ns 


12 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


ns 


6,7 


Access Time from CAS 


tCAC 


— 


20 


— 


25 


ns 


7,8 


Access Time from OE 


tOAC 


— 


20 


— 


25 


ns 


7 


Address Access Time 


Ua 


— 


40 


— 


45 


ns 


7,9 


RAS to Column Address Delay Time 


tRAD 


15 


40 


20 


55 


ns 




Read Command Setup Time 


tRCS 





— 





— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


tCWL 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


20 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 


ns 


12 


Data-in Hold Time 


tDH 


15 


— 


20 


— 


ns 


12 


OE Hold Time Referenced to WE 


tOEH 


20 


— 


25 


— 


ns 




Refresh Cycle 


Parameter 




HM538121A-8 


HM538121A-10 


Unit 


Note 


Symbol 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


15 


- 


20 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


ns 
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HM538121A Series - 
Read Transfer Cycle 



Parameter 


Symbol 


HM538121A-8 


HM538121A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


DT Hold Time Referenced to RAS 


tRDH 


70 


10000 


90 


10000 


ns 




DT Hold Time Referenced to CAS 


*CDH 


20 


— 


25 


— 


ns 




DT Hold Time Referenced to Column Address 


tADH 


30 


— 


35 


— 


ns 




DT Precharge Time 


tDTP 


40 


— 


45 


— 


ns 




DT to RAS Delay Time 


tDRD 


70 


— 


90 


— 


ns 




SC to RAS Setup Time 


tSRS 


30 


— 


30 


— 


ns 




1st SC to RAS Hold Time 


tSRH 


85 


— 


105 


— 


ns 




1st SC to CAS Hold Time 


tSCH 


30 


— 


35 


— 


ns 




1st SC to Column Address Hold Time 


*SAH 


50 


— 


55 


— 


ns 




Last SC to DT Delay Time 


*SDD 


5 


— 


5 


— 


ns 




1st SC to DT Hold Time 


*SDH 


15 


— 


15 


— 


ns 




Serial Data-in to 1st SC Delay Time 


tszs 





— 





— 


ns 




Serial Clock Cycle Time 


tscc 


30 


— 


30 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


ns 




SC Precharge Time 


*SCP 


10 


— 


10 


— 


ns 




SC Access Time 


tSCA 


— 


25 


— 


25 


ns 


15 


Serial Data-out Hold Time 


tSOH 


5 


— 


5 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 


ns 




Serial Data-in Hold Time 


tsIH 


15 


— 


20 


— 


ns 




RAS to Column Address Delay Time 


tRAD 


15 


40 


20 


55 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


ns 




DT High Hold Time to RAS Precharge 


tDTHH 


25 ^ 1 


— 


30 


— 


ns 





Pseudo Transfer Cycle, Write Transfer Cycle 



Parameter 


Symbol 


HM538121A-8 


HM538121A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


SE Setup Time Referenced to RAS 


*ES 





— 





— 


ns 




SE Hold Time Referenced to RAS 


*EH 


10 


— 


15 


— 


ns 




SC Setup Time Referenced to RAS 


tSRS 


30 


— 


30 


— 


ns 




RAS to SC Delay Time 


tSRD 


25 


— 


25 


— 


ns 




Serial Output Buffer Turn-off Time 
Referenced to RAS 


tSRZ 


10 


45 


10 


50 


ns 




RAS to Serial Data-in Delay Time 


tSID 


45 


— 


50 


— 


ns 




Serial Clock Cycle Time 


tscc 


30 


— 


30 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


ns 




SC Precharge Time 


tSCP 


10 


— 


10 


— 


ns 




SC Access Time 


tSCA 


— 


25 


— 


25 


ns 


15 


SE Access Time 


tSEA 


— 


25 


— 


25 


ns 


15 


Serial Data-out Hold Time 


tSOH 


5 


— 


5 


— 


ns 




Serial Write Enable Setup Time 


tsws 


5 


— 


5 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 


ns 




Serial Data-in Hold Time 


tsIH 


15 


— 


20 


— 


ns 
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HM538121A Series 



Serial Read Cycle, Serial Write Cycle 














Parameter 


Symbol 


HM538121A-8 


HM538121A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Serial Clock Cycle Time 


tscc 


30 


— 


30 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


ns 




Access Time from SC 


*SCA 


— 


25 


— 


25 


ns 


15 


Access Time from SE 


*SEA 


— 


25 


— 


25 


ns 


15 


Serial Data-out Hold Time 


*SOH 


5 


— 


5 


— 


ns 




Serial Output Buffer Turn-off 
Time Referenced to SE 


tSEZ 


- 


20 


- 


25 


ns 


5 


Serial Data-in Setup Time 


*SIS 





— 





— 


ns 




Serial Data-in Hold time 


tSIH 


15 


— 


20 


— 


ns 




Serial Write Enable Setup Time 


tsws 


5 


— 


5 


— 


ns 




Serial Write Enable Hold Time 


*SWH 


15 


— 


20 


— 


ns 




Serial Write Disable Setup Time 


tswis 


5 


— 


5 


— 


ns 




Serial Write Disable Hold Time 


*SWIH 


15 


— 


20 


— 


ns 





Notes: 1. AC measurements assume tx = 5 ns. 

2. When tRCD > tRCD (max) or tRAD > tRAD (max), access time is specified by tcAC or *AA- 

3. Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Transition time tx is measured between 
V IH and V IL . 

4. Data input must be floating before output buffer is turned on. In read cycle, read-modify-write cycle and delayed write 
cycle, either tpzc (min) or trjzo (min) must be satisfied. 

5. toFFl (max), toFF2 (max) and t§EZ (max) are defined as the time at which the output achieves the open circuit condition 
(VoH - 200 mV, V 0L + 200 mV). 

6. Assume that t^cD > tRCD (max) and tRAD > tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

7. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

8. When tRC£> > tR^j) (max) and tRAD > tRAD (max), access time is specified by tcAO 

9. When tRCD > tRCD (max) and tRAD > tRAD (max), access time is specified by tAA- 

10. If either tRCH of tRRH is satisfied, operation is guaranteed. 

11. When twcs > twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 
condition. 

12. These parameters are specified by the later falling edge of CAS or WE. 

13. Either tcDD (min) or toDD (min) must be satisfied because output buffer must be turned off by CAS or OE prior to 
applying data to the device when output buffer is on. 

14. When tAWD > tAWD (min) and tcwD > tcWD (min) in read-modify-write cycle, the data of the selected address outputs to 
an I/O pin and input data is written into the selected address. tQDD (min) must be satisfied because output buffer must be 
turned off by OE prior to applying data to the device. 

15. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

16. After power-up, pause for 100 jixs or more and execute at least 8 initialization cycles (normal memory cycle or refresh cycle), 
then start operation. 
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HM538121A Series 



■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS 



Address 



WE 



I/O 
(Output)"" 

I/O 
(Input) 



DT/OE 




«-t AC-»l 



H-tDZO-» 
K-tOTH --^->| 



Valid Oout 



: Don't care 



1 Early Write Cycle 



RAS 

CAS" 

Address 

W 



Row 



tWS->| |<-ty 



ftASC-^ 



tWH->j ^-twCS-^ 



I/O 
(Output)"* 



Column 



4-tMH 




High-Z 



(Input) m l HaskOata j ffl CValldOln 

tQTSJ< > ||^-t TH-»> 



DT/OE 




: Don't care 



Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM538121A Series 



• Delayed Write Cycle 



RAS 



CAS 



-tCAS- 



Address 



WE 

I/O 
(Output) - 

I/O 
(Input) 



DT/OE 




: Don't care 



Note: * 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
• Read-Modify-Write Cycle 



RAS 
CAS" 



Address 



WE 

I/O 
(Output)" 

'(Cut) «^5^1 % 
oT/oT 




: Don't care 



Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM538121A Series 



• Page Mode Read Cycle 



RAS 



CAS 



Address 



WE 



I/O 
(Output) 



I/O 
(Input) 



DT/OE 




: Don't care 



• Page Mode Write Cycle (Early Write) 



RAS 



CAS 



Address 



WE 



I/O 

(Output) tM 



I/O 
(Input) 



DT/OE 




Wa : Don't care 



Note: * 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM538121A Series 



• Page Mode Write Cycle (Delayed Write) 



RAS 



CAS 



Address 



WE 
I/O 



(Output) 



I/O 
(Input) 

DT/OT 




tyS tWH l < " ) 

m +w - t WP h 




: Don't care 



Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
• RAS Only Refresh Cycle 



RAS 



CAS 



Address 



I/O 
(Output) 



I/O 
(Input) 



DT/OE 




4—tRPC-»| 



Row 





vA : Don't care 
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HM538121A Series 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 



4-tRPC-) 

H*cp + H — 1 csr- 



\2 



;lnhibit Falling Transition ^ 




: Don't care 



• Hidden Refresh Cycle 



RAS 
CAT 



Address 



WE 



I/O 
(Output)" 



1/0 nwwr* 

(Input) my$88&$fe 



t RC - 

-tRAS ► 



itRAO^tf 




4-t C AC-> 
^ t A A ► 



DT/OE 




Valid Oout 



: Don't care 
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HM538121A Series 



• Read Transfer Cycle (1) 




(Output) V»"« Sout E^MvalidSoutff^^flVaUdSout& g 



ValldSout!^^^! Va^d Sou tffi%$M 



Previous Row — y\ 



SI/0 
(Input) 



: Don't care 



• Read Transfer Cycle (2) 




SI/0 &FKZ3- 
(Input) SBlJj 



8||| . Don't care 
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HM538121A Series 



• Pseudo Transfer Cycle 



RAS 



ZK 



Address 



WE 



I/O 

(Output) tQTS 



DT/OE 



SE 



SC 



-*CAS- 




High-Z 



tOTH 
i ► 




(nff P i,t^gg| « Vflid Sout 



SI/0 
(Input) 



>| Valu 



'»; 



tSIH JSIS 



id Sm !«§»!»[ Valid Sm 



j : Don't care 
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HM538121A Series 



• Write Transfer Cycle 



RAS 



CAS 



Address 



tRAH tASC 
i *l '+ -,, 

SAM Start 



WE 

I/O 
(Output)" 

oT/oT i 



(inSut) m^lmM 



HF 



SE 1 

sc 

SI/O ,, 

(Output) tsIS - tsIH 




"< tRp ► 



High-Z 



lipj? jj? I* .^A?.1n.9. J^ansi t ion 



-tscc— 



tSIS l SIH tSIS «SIH 



: Don't care 



• Serial Read Cycle 



SE 



SC 



SI/O 



J 



ffl.tp.it) Valid Sout? 



< tscc- 

4-tsc 



i 



£Z3 



Valid Sou t | 



^ 



-tSCA 



Valid Sout 



Valid 
: Sout 



: Don't care 



• Serial Write Cycle 



SE 



SC 



SI/O 



tSWH 

A > 



tswis tswiH, tsws 

■< — ► K—-H M > 



(Input) ® CVa1id Sin) 



«— -tscc 



Valid Sin 



H. 



Valid Sin! 



: Don't care 
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HM538122 Series 

131,072 x 8-Bit Multiport CMOS Video Random Access Memory 

■ DESCRIPTION 

The HM538122 is a 1-Mbit multiport video RAM equipped with a 128k-word x 
8-bit dynamic RAM and a 256-word x 8-bit SAM (serial access memory). Its RAM 
and SAM operate independently and asynchronously. It can transfer data between 
RAM and SAM and has a write mask function. 

It also provides logic operation mode to simplify its operation. In this mode, logic 
operation between memory data and input data can be executed by using internal 
logic-arithmetic unit. 

■ FEATURES 

• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM and SAM Capability 

RAM 128k-word x 8-Bit 

SAM 256-word x 8-Bit 

• Access Time RAM 100 ns/100 ns/120 ns/150 ns (max) 

SAM 30 ns/35 ns/40 ns/50 ns (max) 

• Cycle Time RAM 190 ns/190 ns/220 ns/260 ns (min) 

SAM 30 ns/40 ns/40 ns/60 ns (min) 

• Low Power 

Active RAM 495 mW (max) 

SAM 468 mW (max) 

Standby 40 mW (max) 

• High-Speed Page Mode Capability 

• Logic Operation Mode Capability 

• 2 Types of Mask Write Mode Capability 

• Bidirectional Data Transfer Cycle between RAM and SAM Capability 

• Real Time Read Transfer Capability 

• 3 V ariatio ns of Refresh (8 ms/512 Cycles) 

RAS Only Refresh 

CAS Before RAS Refresh 

Hidden Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Preliminary 



Part No. 


Access Time 


Package 


RAM 


SAM 


HM538122JP-10 
HM538122JP-11 
HM538122JP-12 
HM538122JP-15 


100 ns 
100 ns 
120 ns 
150 ns 


30 ns 
35 ns 
40 ns 
50 ns 


400 mil 
40-pin 
Plastic SOJ 
(CP-40D) 



PIN DESCRIPTION 



Pin Name 


Function 


Ao-A 8 


Address Inputs 


I/O0-I/O7 


RAM Port Data Inputs/Outputs 


SI/O0-SI/O7 


SAM Port Data Inputs/Outputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Read/Write Enable 


DT/OE 


Data Transfer/Output Enable 


SC 


Serial Clock 


SE 


SAM Port Enable 


v C c 


Power Supply 


v S s 


Ground 


NC 


Non Connection 



HM538122JP Series 




(CP-40D) 



PIN OUT 



HM538122JP Series 


see 


1 40Dv ss1 


si/00 E 


2 


39 


H SI/07 


si/01 c 


3 


38 


U SI/06 


si/02 e 


4 


37 3 SI/05 


SI/03 C 


5 


36 


H SI/04 


DT/OE E 


6 


35 


USE 


1/00E 


7 


34 


Ul/07 


I/O IE 


8 


33 Dl/06 


1/02 E 


9 


32 


Ul/05 


1/03 E 


10 


31 


Ul/04 


V CC2^ 


11 


30 


=lv SS2 


WEE 


12 


29 


unc 


NCE 


13 


28 


Unc 


RASE 


14 


27 


I] CAS 


NCE 


15 


26 


Dnc 


A8E 


16 


25 


Hao 


A6E 


17 


24 


DAI 


A5E 


18 


23 


UA2 


A4E 


19 


22 


I] A3 


VcciC 


20 


21 


DA7 








0085-1 


(Top View) 
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BLOCK DIAGRAM 



I/O 



F> 



^> 



Memory 
Array 




iC 



^ 



pointer 







°TZ 



jA Column 

f Address 

\j 1 (SAM start 

address) 



MASK 
register 



■ PIN FUNCTION 

RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of those signals determine the operation cycle of 
theHM538122. 



• Table 1. Operation Cycles of the HM538122 


Input Level 
At The Falling Edge of RAS 


Operation Cycle 


CAS 


DT/OE 


WE 


SE 




H 


H 


H 


X 


RAM Read/Write 


H 


H 


L 


X 


Mask Write 


H 


L 


H 


X 


Read Transfer 


H 


L 


L 


H 


Pseudo Transfer 


H 


L 


L 


L 


Write Transfer 


L 


X 


H 


X 


CBR Refresh 


L 


X 


L 


X 


Logic Operation Set/Reset 



Note: X: Don't care. 

CAS (input pin): Colum n address is put into chip at the fall- 
ing edge of CAS. CAS controls output impedance of I/O in 
RAM. 

Arj-A8 (input pins): Row a ddres s is determined by Ao-Ae 
level at the falling edge of RAS. Column a ddre ss is deter- 
mined by A -A 7 level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 



W E (inp ut pin): WE pin has two functions at the falling edge 
of R AS and after. When WE is low at the falling edge of 
RAS, the HM538122 turns to mask write mode. According to 
the I/O level at the time, write on each I/O can be masked. 
(WE level at the_ falling edge of RAS is don't care in read 
cycle.) When WE is high at the falling e dge of RAS, a nor- 
mal write cycle is executed. After that, WE switches read/ 
write cycles as in a standard DRAM. Inja transfer cycle, the 
direction of tra nsfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred from 
SAM to RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is read 
from RAM). 

I/O0-I/O7 (input/output pi ns): I/O pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only on high I/O pins. Data on low I/O pins are 
masked and internal data are retained. After that, they func- 
tion as input/output pins as those of a standard DRAM. 

DT/OE (input pin): DT/OE pin func tions as DT (data trans- 
fer) pin at the falling edge of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle beco mes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 

SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data is output from an Sl/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an Sl/O 
pin at the rising edge of SC is put into the SAM data regis- 
ter. 

SE (input pin): SE pin activates SAM. When SE is high, Sl/O 
is in the high impedance state in serial read cycle and data 
on Sl/O is not put into the SAM data register in serial 
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write cycle. SE can be used as a mask for serial write be- 
cause internal pointer is incremented at the rising edge of 
SC. 

SI/O0-SI/O7 (input/output pins): Sl/Os are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
Sl/O outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, Sl/O inputs data. 

■ OPERATION OF HM538122 

• Operation of RAM Port 

RAM R ead Cycle (DT/OE high, CAS high, at the falling 
edge of RAS) 

Row address is en tered at the RAS falling edge and col- 
umn address at the CAS falling^ edge to the device as in 
stand ard D RAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected address data is output 
throu gh I/O pin. At the falling edge of RAS, DT/OE and 
CAS become high to distinguish RAM read cycle from trans- 
fer cycle and CBR refresh cycle. Address access time (tAA) 
and RAS to column address delay time (tRAD) specifications 
are added to enable high-speed page mode. 

RAM Write Cycle (Early Write, Delayed Write, Read- 
Modify-Write) 

(DT/OE high, CAS high at the falling edge of RAS) 

• Norm al Mode Write Cycle (WE high at the falling edge of 
RAS) 

When CAS and WE are set low after RAS is set low, a 
write cycle is executed and I/O data is written at the select- 
ed addresses. When all 8 l/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycl e and I/O becomes high imped- 
ance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling 
edge. I/O does not become hig h impedance in this cycle, so 
data should be entered with OE high. 

rf WE is set low after tcwD (min) and tAWD (min) after the 

CAS falling edge, this cycle becomes a read-modify-write cy- 
cle and enables write after read to execute in the same ad- 
dress cycle. In this cycle also, to avoid I/O contention, data 
should be input after reading data and setting OE high. 

• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode cycle which writes only to select- 
ed I/O. Whether or not an I/O is writ ten d epends on I/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high I/O pins and masked in low ones and inter- 
nal d ata is preserved. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is preserved during the page access. 

High-Speed Page Mode Cycle (DT/OE high, CAS high at 
the falling edge of RAS) 

High-speed page mode cycle reads/writes the data o f the 
same row address at high speed by toggling CAS while RAS 



is low. Its cycle time is one third of the random read/write 
cycle and is higher than the standard page mode cycle by 
70% -80%. This product is based on st atic column mode, 
therefore address access time ^aa). RAS to colum n address 
delay time (tRAD). and acce ss time from CAS precharge 
Oacp) are added. In one RAS cycle, 256-word memory cells 
of the same row address can be accessed. It is necessary 
to specify access frequency within tRASP max (100 jxs), 
t RFS p max (100 jus). 

• Transfer Operation 

HM538122 provides the transfer cycle, pseudo transfer 
cycle, and write transfer cycle as data transfer cycles. These 
transfer cycle s are set by driving DT/OE low at the falling 
edge of RAS. 

They have the following functions: 

(1) Transfer data between row address and SAM data regis- 
ter (except for pseudo transfer cycle) 

(2) Determine direction of data transfer 

(a) Read transfer cycle: RAM — * SAM 

(b) Write transfer cycle: RAM <— SAM 

(3) Determine input or output of SAM I/O pin (Sl/O) 

Read transfer cycle: Sl/O output 

Pseudo transfer cycle, write transfer cycle: Sl/O input 

(4) Determine first SAM address to access (SAM start ad- 
dress) after transferring at column address. 

Read Transfer Cycle (CAS high, DT/OE low, WE high at 
the falling edge of RAS) 

This cycle becomes read transfer cycle by driving DT/OE 
low and WE high at the falling edge of RAS. The row ad- 
dress data (256 x 8-bit) determined _by this cycle is trans- 
ferred synchronously at the rising of DT/OE. After the rising 
edge of DT/OE, the new address data outputs from SAM 
start address determined by column address. 

This cycle can access SAM serially even during transfer 
(real time read transfer). In this case, the timing tsoD (min) is 
specified between the last SAM access before transfer and 
DT/OE rising edge, and tsDH (min) between the first SAM 
access and DT/OE rising edge (see figure 1 ). 

If read transfer cycle is executed, Sl/O becomes output 
state. When the previous transfer cycle is either pseudo 
transfer cycle or write transfer cycle and Sl/O is in input 
state, uncertain data is output after tR|_z (min) after the RAS 
falling edge. Before that, input should be set high imped- 
ance to avoid data contention. 

Pseudo Transfer Cycle (CAS high, DT/OE low, WE low, 
and SE high at the falling edge of RAS) 

Pseudo transfer cycle is available for switching Sl/O from 
output state to input state be caus e data in RAM isn't rewrit- 
ten. This cycle starts when CAS is high, DT/OE low, WE 
low, and SE high, at the falling edge of RAS. The output 
buffer in Sl/O becomes high impedance within tsRz (max) 
from the RAS falling edge. Data should be input to Sl/O lat- 
er than tsiD (min) to avoid data contention. SAM access be- 
comes enabled after tsRD (min) after RAS becom es high. In 
this cycle, SAM access is inhibited during RAS low, there- 
fore, SC should not be raised. 
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\W 


si/o I X X X X " X "•• 


SAM Data Before Transfer 


SAM Data After Transfer 





Figure 1. Real Time Read Transfer 



Write Transfer Cycle (CAS high, DT/OE low, WE low, and 
SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred in to RA M is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address to serial write after terminating this cycle. Also in 
this c ycle, SAM access becomes enabled after tsRD (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC should not be raised. 

• SAM Port Operation 
Serial Read Cycle 

SAM port is in read mode when the previous data trans- 
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from SI/O. If SE is set 
high SI/O becomes high impedance and internal pointer is 
incremented at the SC rising edge. 

Serial Write Cycle 

If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SI/O data is programmed into data register at the SC 
rising edge like in the serial read cycle. If SE is high, SI/O 
data isn't input into data register. Internal pointer is incre- 
mented according to the SC rising edge, so SE high can 
mask data for SAM. 

• Refresh 
RAM Refresh 

RAM, which is composed of dynamic circuits, requires re- 
fresh to retain data. Refresh is performed by accessing all 
512 row addresses every 8 ms. There are three refresh cy- 



cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required when all row addresses every 8 ms. 

RAS Only Refresh Cycle : RA S only refr esh cycle is per- 
formed by activating only RAS cycle with CAS fixed to high 
by inputting the row address (= refresh address) from exter- 
nal circuits. 

To distinguish this cycle from data tran sfer cycle, DT/OE 
should be high at the falling edge of RAS. 

CBR Refres h Cy cle: CBR refresh cycle is set by activating 
CAS before RAS. In this cycle, refresh address need not to 
be input through external circuits because it is input through 
an internal refresh counter. In this cycle, output is in high im- 
pedance and power dissipation is lowered because CAS cir- 
cuits don't operate. 

To distinguish this cycle from logic opera tion s et/reset cycle, 
WE should be high at the falling edge of RAS. 

Hidden Refresh Cyc le: H idden refresh cycl e per forms re- 
fresh by reactivating RAS when DT/OE and CAS keep low 
in normal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift register, selector), orga- 
nized as fully static circuitry, don't require refresh. 

• Logic Operation Mode 

The HM538122 supports logic operation capability on 
RAM port. It performs logic operations between the memory 
cell data and input data in logic operation mode cycle, and 
writes the result into the memory cell (read-modify-write). 
This function realizes high speed raster operations and sim- 
plifies peripheral circuits for raster operations. 
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Logic Operation Set /Reset Cycle (CAS and WE Low at 
the falling edge of RAS) 

In logic operation set/reset cycle, the following operations 
are performed at the same time; 1 . Selection of logic opera- 
tions and logi c op eration mode set/reset, 2. Mask data pro- 
gramming, 3. CAS before RAS refresh. 

Figure 2 shows the timin g for logic operation set/reset cy- 
cle. This cycl e sta rts when CAS and WE are low at the fall- 
ing edge of RAS. In this cycle, logic operation codes and 
mask data are prog ramm ed by row address and I/O pin at 
the falling edge of RAS respectively. When write cycle is 
performed after this cycle, the logic operation write cycle 
starts. In the logic operation mode, the specification of cycle 
time is longer than that of normal mode because read-modi- 
fy-write cycle is performed internally. In this cycle, logic op- 
eration codes and mask data programmed are available until 
reprogr amme d. In normal mode, mask data is available only 
for one RAS cycle. Here, the mask data programmed in nor- 
mal mode is named as "temporary mask data" and the one 



programmed in logic operation set/reset cycle is named as 
"mask data". 

(1) Selection of logic operations and logic operation mode 
set/reset 

Table 2 shows the logic operations. One operation is se- 
lected among sixteen ones by combinations of A0-A3 levels 
at the falling edge of RAS. (A4-A8 are Don't care.) Logic 
operation codes (A3, A2, A1, AO) = (0, 1,0, 1) resets the 
logic operation mode. When write cycle is performed after 
that, normal write cycle starts. However, even in this case, 
mask data is st ill ava ilable. I/O should be at high level at the 
falling edge of RAS in logic operation set/reset cycle when 
mask data is not used. 

(2) Mask data programming 

High/low level of I/O at the falling edge of RAS functions 
as mask data. When I/O is high, the data is written in write 
cycle. When I/O is low, the input data is masked and the 
same memory cell data remains. Mask data, programmed in 
this cycle, is available until reprogrammed. It is advanta- 
geous when the same mask data continues. 





v 








RAS ^ 


/ 




L 






CAS 


\ 


/ 












A0-A3 


X Logic Code X 










L 


WE 


"A 


/ 












I/00-I/07 


X Mask Data X 
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Figure 2. Logic Operation Set/Reset 
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• Table 2. Logic Code 












Logic Code 


Symbol 


Write Data 


Notes 


A3 


A2 


Al 


AO 














Zero 
















1 


AND1 


Di^Mi 










1 





AND2 


Di«Mi 


Logic Operation Mode Set 








1 


1 


— 


Mi 







1 








AND3 


Di«Mi 







1 





1 


THROUGH 


Di 


Logic Operation Mode Reset 





1 


1 





EOR 


Di^Mi + Di^Mi 







1 


1 


1 


OR1 


Di + Mi 















NOR 


Di»Mi 












1 


ENOR 


Di«Mi + Di«Mi 









1 





INV1 


Di 


Logic Operation Mode Set 







1 


1 


OR2 


Di + Mi 






1 








INV2 


Ml 






1 





1 


OR3 


Di + Mi 






1 


1 





NAND 


Di + Mi 






1 


1 


1 


One 


1 





Notes: Di: External data-in 

Mi: The data of the memory cell 



\—T^j\—/\—/\-J~ 



Logic operation 

set/reset cycle Write Cycle 



Write Cycle 



Write Cycle 



Write Cycle 




1/00 



1/02 



1/03 



Logic 



Mask data is 

set. 

l/01,2:Masked 

Assume that 
the logic is 
set to "AND 1". 



J~\ 



A 



THROUGH 



Temporary mask 
data is set, 
and valid only 
in this cycle. 
l/00,3:Masked 



(I/04-I/07 are also operated similarly.) 



/ 



Figure 3. 2 Types of Mask Write Function and Logic Operation Function 
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Also, temporary m ask d ata is programmed by falling WE 
at the falling edge of RAS in logic operation mode cycle af- 
ter mask data is programmed in logic operation set/reset cy- 
cle. In this case, temporary mask data is available only for 
one cycle. 

Logic operation is reset during temporary mask write cy- 
cle. It means that external input data is written into I/O 
when temporary mask data is set. Figure 4 shows write 
mask and logic operations. These functions are useful when 
RAM port is deviced into frame buffer area and data area, 
as they save the need to reprogram logic operation codes 
and mask data. 



Write Cycle in Logic Operation Mode (Early Write, De- 
layed Write, Page Mode) 

Write cycle after logic operation set cycle is logic opera- 
tion mode cycle. In this cycle, the following read-modify-write 
operation is performed internally. 

(1) Reading memory data in given address into internal bus 

(2) Performing operation between input data and memory 
data 

(3) Writing the result of (2) into address given by (1) 

Figure 4 shows sequence of raster operation. Raster op- 
eration which needs 3 cycles (destination read, operation, 
destination write) in normal mode can be executed in one 
write cycle of logic operation mode. It makes raster opera- 
tion faster and simplifies peripheral hardware for raster oper- 
ation. 





















Execute logic operation 
set/reset cycle 














r 
















► 






Read 1-word source data 






Read 1-word source data 






















Read 1-word 
destination data 










i 


r 






Execute logic operation 

between source data and 

destination data 






i 


r 






Write the result of 
operation into the 
destination address 






^ r 






Write read data into 
the destination address 
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Figure 4. Sequence of Raster Operation 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Note 


Terminal Voltage 


v T 


-1.0 to +7.0 


V 


1 


Power Supply Voltage 


Vcc 


- 0.5 to + 7.0 


V 


1 


Power Dissipation 


P T 


1.0 


w 




Operating Temperature 


Topr 


to + 70 


°c 




Storage Temperature 


T stg 


- 55 to + 125 


°c 





Note: 1. Relative to V§s- 

■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to + 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


VlL 


-0.5 


— 


0.8 


V 


1,2 



Notes: 



1. All voltages referenced to Vss- 

2. - 3.0V for pulse width 10 ns. 



• DC Electrical Characteristics (T A = to + 70°C, Vcc 


; = 5V ±10% 


v S s = 


0V) 








Parameter 


Symbol 


HM538122-10 


HM538122-11 


HM538122-12 


HM538122-15 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


RAM Port 


SAM Port 


Operating 
Current 


!CC1 


— 


90 


— 


90 


— 


80 


— 


70 


mA 


RAS, CAS 

Cycling 
tRC = Min 


SC = V IL ,SE = V IH 




!CC7 


- 


160 


- 


160 


- 


140 


- 


120 


mA 


SE = V IL , SC Cycling 
tscc = Min 


1,2 


Standby 
Current 


!CC2 


— 


7 


— 


7 


— 


7 


— 


7 


mA 


RAS, CAS 
= Vffl 


SC = V IL ,SE = V IH 




!CC8 


- 


85 


- 


70 


- 


70 


- 


55 


mA 


SE = V IL , SC Cycling 
t S cc - Min 


1 


RAS Only 


!CC3 


— 


90 


— 


90 


— 


80 


— 


70 


mA 


RAS Cycling 


SC = V IL ,SE = V ffl 




Refresh 
Current 


!CC9 


- 


150 


- 


150 


- 


130 


- 


110 


mA 


CAS = Vffl 
t RC = Min 


SE = V IL , SC Cycling 
tscc = Min 


1,2 


Page Mode 
Current 


!CC4 


— 


115 


— 


115 


— 


105 


— 


95 


mA 


CAS Cycling 


SC = V IL ,SE = Vffl 




Iccio 


- 


185 


- 


185 


- 


160 


- 


140 


mA 


RAS = V IL 

tpc = Min 


SE = V IL , SC Cycling 

tscc - Min 


1,3 


CAS Before 


!CC5 


— 


80 


— 


80 


— 


70 


— 


60 


mA 


RAS Cycling 
tRC = Min 


SC = V IL ,SE = Vffl 




RAS Refresh 
Current 


kxui 


- 


130 


- 


130 


- 


110 


- 


90 


mA 


SE = V IL , SC Cycling 
tscc = Min 


1 


Data 


ICC6 


— 


115 


— 


115 


— 


110 


— 


100 


mA 


RAS, CAS 

Cycling 
tRc = Min 


SC = V IL ,SE = Vffl 




Transfer 
Current 


!CC12 


- 


185 


- 


185 


- 


160 


- 


140 


mA 


SE = V IL , SC Cycling 
tscc = Min 


1,2 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


uA 








Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


juA 








Output High 
Voltage 


V H 


2.4 


- 


2.4 


- 


2.4 


- 


2.4 


- 


V 


Ioh = -2mA 






Output Low 
Voltage 


Vol 


- 


0.4 


- 


0.4 


- 


0.4 


- 


0.4 


V 


Iql = 4.2 mA 







Notes: 1. Ice depends on output loading condition when the device is selected. 
(Il/O = Isi/O = OmA). 

2. Address can be changed less than three times in one RAS cycle. 

3. Address can be changed once or less while CAS = Vffl. 

4. Icc2 an d IcC8 are measured with address fixed. 



Ice max is specified at the output open condition 
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HM538122 Series 



• Capacitance (T A = 25°C, V C c = 5V, f = 1 MHz, Bias: Clock, I/O = V C c, Address = V S s) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Address 


Cn 


— 


— 


5 


pF 


Clocks 


Co 


— 


— 


5 


pF 


I/O, SI/O 


Ci/o 


— 


— 


7 


pF 



• AC Electrical Characteristics 0a 
Test Conditions 

Input Rise and Fall Time 
Output Load 

Input Timing Reference Levels 
Output Timing Reference Levels 



to +70°C, V C c = 5V ±10%, V S s = 0V)L 11 

5 ns 
See figures 
0.8V, 2.4V 
0.4V, 2.4V 



Output Load (A) 



Output Load (B) 



l nH = -2mA 



l n . = 4.2 mA 



I/O- 



■Hit 



^tOOpF 



m 



SI/0- 



ftl 



H< 



^50pF JL 



m 



ft! 



Note: *1. Including scope and jig. 
Common Parameter 



Parameter 


Symbol 


HM538122-10 


HM538122-11 


HM538122-12 


HM538122-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


190 


— 


190 


— 


220 


— 


260 


— 


ns 




RAS Precharge Time 


*RP 


80 


— 


80 


— 


90 


— 


100 


— 


ns 




RAS Pulse Width 


tRAS 


100 


10000 


100 


10000 


120 


10000 


150 


10000 


ns 




CAS Pulse Width 


tCAS 


30 


10000 


30 


10000 


35 


10000 


40 


10000 


ns 




Row Address Setup Time 


tASR 





— 





— 





— 





— 


ns 




Row Address Hold Time 


tRAH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


20 


— 


20 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


25 


70 


25 


70 


25 


85 


30 


110 


ns 


5,6 


RAS Hold Time 


tRSH 


30 


— 


30 


— 


35 


— 


40 


— 


ns 




CAS Hold Time 


tCSH 


100 


— 


100 


— 


120 


— 


150 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise to Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


8 


Refresh Period 


tREF 


— 


8 


— 


8 


— 


8 


— 


8 


ms 




DT to RAS Setup Time 


tDTS 





— 





— 





— 





— 


ns 




DT to RAS Hold Time 


tDTH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




Data-in to OE Delay Time 


tDZO 





— 





— 





— 





— 


ns 




Data-in to CAS Delay Time 


tDZC 





— 





— 





— 





- 


ns 
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HM538122 Series 



Read Cycle (RAM), Page Mode Read Cycle 




















Parameter 


Symbol 


HM538122-10 


HM538122-11 


HM538122-12 


HM538122-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


100 


— 


100 


— 


120 


— 


150 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


30 


— 


30 


— 


35 


— 


40 


ns 


3,5 


Access Time from OE 


t()AC 


— 


30 


— 


30 


— 


35 


— 


40 


ns 


3 


Address Access Time 


Ua 


— 


45 


— 


45 


— 


55 


— 


70 


ns 


3,6 


Output Buffer 
Turn-off Delay 
Referenced to CAS 


tOFFl 


- 


25 


- 


25 


- 


30 


- 


40 


ns 


7 


Output Buffer 
Turn-off Delay 
Referenced to OE 


tOFF2 


- 


25 


- 


25 


- 


30 


- 


40 


ns 


7 


Read Command Setup Time 


tRCS 





— 





— 





— 





— 


ns 




Read Command Hold Time 


tRCH 





— 





— 





— 





— 


ns 


12 


Read Command Hold Time 
Referenced to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


10 


- 


ns 


12 


RAS to Column Address Delay Time 


tRAD 


20 


55 


20 


55 


20 


65 


25 


80 


ns 


5,6 


Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


80 


— 


ns 




CAS Precharge Time 


*CP 


10 


— 


10 


— 


15 


— 


20 


— 


ns 




Access Time from CAS Precharge 


Ucp 


— 


50 


— 


50 


— 


60 


— 


75 


ns 




RAS Pulse Width in Page Mode 


tRASP 


0.1 


100 


0.1 


100 


0.12 


100 


0.15 


100 


JUS 




Write Cycle (RAM), Page Mode Write Cycle 


Parameter 


Symbol 


HM538122-10 


HM538122-11 


HM538122-12 


HM538122-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 





— 


ns 


9 


Write Command Hold Time 


t\VCH 


25 


— 


25 


— 


25 


— 


30 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


15 


— 


20 


— 


25 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


30 


— 


30 


— 


35 


— 


40 


— 


ns 




Write Command to CAS Lead Time 


tCWL 


30 


— 


30 


— 


35 


— 


40 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 





— 


ns 


10 


Data-in Hold Time 


*DH 


25 


— 


25 


— 


25 


— 


30 


— 


ns 


10 


WE to RAS Setup Time 


tws 





— 





— 





— 





— 


ns 




WE to RAS Hold Time 


tWH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




Mask Data to RAS Setup Time 


tMS 





— 





— 





— 





— 


ns 




Mask Data to RAS Hold Time 


tMH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




OE Hold Time Referenced to WE 


tOEH 


10 


— 


10 


— 


15 


— 


20 


— 


ns 




Page Mode Cycle Time 


tpc 


55 


— 


55 


— 


65 


— 


80 


— 


ns 




CAS Precharge Time 


tcp 


10 


— 


10 


— 


15 


— 


20 


— 


ns 




RAS Pulse Width in Page Mode 


tRASP 


0.1 


100 


0.1 


100 


0.12 


100 


0.15 


100 


JLLS 




Read-Modify-Write Cycle 


Parameter 


Symbol 


HM538 


122-10 


HM53S 


122-11 


HM538122-12 


HM538122-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


*RWC 


255 


— 


255 


— 


295 


— 


350 


— 


ns 




RAS Pulse Width 


tRWS 


165 


10000 


165 


10000 


195 


10000 


240 


10000 


ns 




CAS to WE Delay Time 


tcWD 


65 


— 


65 


— 


75 


— 


90 


— 


ns 


9 


Column Address to WE Delay Time 


UWD 


80 


— 


80 


— 


95 


— 


120 


— 


ns 


9 
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HM538122 Series 



Read-Modify-Write Cycle (continued) 



Parameter 


Symbol 


HM538122-10 


HM538122-11 


HM538122-12 


HM538122-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


OE to Data-in Delay Time 


tODD 


25 


— 


25 


— 


30 


— 


40 


— 


ns 




Access Time from RAS 


tRAC 


— 


100 


— 


100 


— 


120 


— 


150 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


30 


— 


30 


— 


35 


— 


40 


ns 


3,5 


Access Time from OE 


k)AC 


— 


30 


— 


30 


— 


35 


— 


40 


ns 


3 


Address Access Time 


Ua 


— 


45 


— 


45 


— 


55 


— 


70 


ns 


3,6 


RAS to Column Address Delay 


tRAD 


20 


55 


20 


55 


20 


65 


25 


80 


ns 


5,6 


Output Buffer 
Turn-off Delay 
Referenced to OE 


*OFF2 


- 


25 


- 


25 


- 


30 


- 


40 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 





— 


ns 




Write Command to RAS Lead Time 


tRWL 


30 


— 


30 


— 


35 


— 


40 


— 


ns 




Write Command to CAS Lead Time 


*CWL 


30 


— 


30 


— 


35 


— 


40 


— 


ns 




Write Command Pulse Width 


*WP 


15 


— 


15 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 





— 


ns 


10 


Data-in Hold Time 


*DH 


25 


— 


25 


— 


25 


— 


30 


— 


ns 


10 


WE to RAS Setup Time 


tws 





— 





— 





— 





— 


ns 




WE to RAS Hold Time 


tWH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




Mask Data to RAS Setup Time 


tMS 





— 





— 





— 





— 


ns 




Mask Data to RAS Hold Time 


tMH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




OE Hold Time Referenced to WE 


tOEH 


10 


— 


10 


— 


15 


— 


20 


- 


ns 





Refresh Cycle 
























Parameter 


Symbol 


HM538122-10 


HM538122-11 


HM538122-12 


HM538122-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh Cycle) 


tcSR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh Cycle) 


tCHR 


20 


- 


20 


- 


25 


- 


30 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


10 


- 


ns 





Transfer Cycle 
























Parameter 


Symbol 


HM538122-10 


HM538122-11 


HM538122-12 


HM538122-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


WE to RAS Setup Time 


tws 





— 





— 





— 





— 


ns 




WE to RAS Hold Time 


t\VH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




SE to RAS Setup Time 


*ES 





— 





— 





— 





— 


ns 




SE to RAS Hold Time 


*EH 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




RAS to SC Delay Time 


tSRD 


25 


— 


30 


— 


30 


— 


35 


— 


ns 




SC to RAS Setup Time 


tSRS 


30 


— 


40 


— 


40 


— 


45 


— 


ns 




DT Hold Time from RAS 


tRDH 


80 


— 


90 


— 


90 


— 


110 


— 


ns 




DT Hold Time from CAS 


tCDH 


20 


— 


30 


— 


30 


— 


45 


— 


ns 




Last SC to DT Delay Time 


tSDD 


5 


— 


5 


— 


5 


— 


10 


— 


ns 




First SC to DT Hold Time 


tSDH 


20 


— 


25 


— 


25 


— 


30 


— 


ns 




DT to RAS Lead Time 


tDTL 


50 


— 


50 


- 


50 


- 


50 


- 


ns 
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HM538122 Series 



Transfer Cycle (continued) 



Parameter 


Symbol 


HM538122-10 


HM538122-11 


HM538122-12 


HM538122-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


DT Hold Time Referenced 
to RAS High 


tDTHH 


20 


- 


25 


- 


25 


- 


30 


- 


ns 




DT Precharge Time 


tDTP 


30 


— 


35 


— 


35 


— 


40 


— 


ns 




Serial Data Input Delay Time 
from RAS 


tsID 


50 


- 


60 


- 


60 


- 


75 


- 


ns 




Serial Data Input to RAS 
to Delay Time 


*SZR 


- 


10 


- 


10 


- 


10 


- 


10 


ns 




Serial Output Buffer 
Turn-off Delay from RAS 


*SRZ 


10 


50 


10 


60 


10 


60 


10 


75 


ns 


7 


RAS to S out (Low-Z) 
Delay Time 


tRLZ 


5 


- 


10 


- 


10 


- 


10 


- 


ns 




Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


40 


— 


60 


— 


ns 




Serial Clock Cycle Time 


tSCC2 


40 


— 


40 


— 


40 


— 


60 


— 


ns 


13 


Access Time from SC 


tSCA 


— 


30 


— 


35 


— 


40 


— 


50 


ns 


4 


Serial Data-out Hold Time 


tSOH 


7 


— 


7 


— 


7 


— 


7 


— 


ns 


4 


SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 





— 





— 


ns 




Serial Data-in Hold Time 


tSIH 


15 


— 


20 


— 


20 


— 


25 


— 


ns 





Serial Read Cycle 



Parameter 


Symbol 


HM538122-10 


HM538122-11 


HM538122-12 


HM538122-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


40 


— 


60 


— 


ns 




Access Time from SC 


tsCA 


— 


30 


— 


35 


— 


40 


— 


50 


ns 


4 


Access Time from SE 


*SEA 


— 


25 


— 


30 


— 


30 


— 


40 


ns 


4 


Serial Data-out Hold Time 


tSOH 


7 


— 


7 


— 


7 


— 


7 


— 


ns 


4 


SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Serial Output Buffer 
Turn-off Delay 
from SE 


*SEZ 


- 


25 


- 


25 


- 


25 


- 


30 


ns 


7 



Serial Write Cycle 
























Parameter 


Symbol 


HM538122-10 


HM538122-11 


HM538122-12 


HM538122-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


40 


— 


60 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 





— 





— 


ns 




Serial Data-in Hold Time 


tSIH 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




Serial Write Enable Setup Time 


tsws 





— 





— 





— 





— 


ns 




Serial Write Enable Hold Time 


tSWH 


30 


— 


35 


— 


35 


— 


50 


— 


ns 




Serial Write Disable Setup Time 


tswis 





- 





— 





— 





— 


ns 




Serial Write Disable Hold Time 


tSWIH 


30 


— 


35 


— 


35 


— 


50 


— 


ns 
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HM538122 Series 



Logic Operation Mode 
























Parameter 


Symbol 


HM538122-10 


HM538122-11 


HM538122-12 


HM538122-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Hold Time 
(Logic Operation 
Set/Reset Cycle) 


*FCHR 


90 


- 


100 


- 


100 


- 


120 


- 


ns 




RAS Pulse Width 
in Write Cycle 


tRFS 


140 


10000 


165 


10000 


165 


10000 


200 


10000 


ns 




CAS Pulse Width 
in Write Cycle 


tCFS 


60 


- 


70 


- 


70 


- 


80 


- 


ns 




CAS Hold Time 
in Write Cycle 


tFCSH 


140 


- 


165 


- 


165 


- 


200 


- 


ns 




RAS Hold Time 
in Write Cycle 


tFRSH 


60 


- 


70 


- 


70 


- 


80 


- 


ns 




Write Cycle Time 


tFRC 


230 


— 


265 


— 


265 


— 


310 


— 


ns 




Page Mode Cycle Time 
(Write Cycle) 


tFPC 


85 


- 


100 


- 


100 


- 


120 


- 


ns 




Pulse Width in Page Mode 


tRFSP 


0.14 


100 


0.14 


100 


0.165 


100 


0.2 


100 


juts 





Notes: 1. AC measurements assume tj = 5 ns. 

2. Assume that tRCD ^ tRCD (max) and tRAD - *RAD (max). If tRCD or tRAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

4. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

5. When tRCD > tRCD (max) or tRAD - tRAD (max), access time is specified by tcAO 

6. When tRCD ^ tRCD (max) and tRAD ^ tRAD (max), access time is specified by tAA- 

7. tQFF (max) is defined as the time at which the output achieves the open circuit condition (Vqh ~ 200 mV, Vql + 
200 mV). 

8. Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Transition times are measured between 
V IH and V IL . 

9. When t\ycs - t\ycs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 
condition. 

When tAWD ^ tAWD (min) and tcwD ^ tcwD (min), the cycle is a read-modify-write cycle; the data of the selected 
address is read out from a data output pin and input data is written into the selected address. In this case, impedance on 
I/O pins is controlled by OE. 

These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read- 
modify-write cycles. 

After power-up, pause for 100 jus or more and execute at least 8 initialization cycles (normal memory cycles or refresh 
cycles), then start operation. 

12. If either tRCH or tRRH is satisfied, operation is guaranteed. 

13. tscC2 is defined as the last SAM cycle time before read transfer in read transfer cycle (1). 

14. When I/O or SI/O is in the output state, data input signals must not be applied to I/O or SI/O. 

15. When SE is low after power on, SI/O is in the output state. Data input signals must not be applied to SI/O in this time. 

16. When CAS and DT/OE are both low after power on, it is possible that I/O is in the output state. Data input signals must 
not be applied to I/O in this time. 



10. 
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HM538122 Series 



■ TIMING WAVEFORMS 
• Read Cycle 



\ 



ft 



- *RC - 



■ *RAS ■ 



*RCD 



^SH 



- *RAD ■ 



*RAH 



mmi 



-^SH -*» 



l*— *RP -*-^ 



fc 



^AS 



^AH 



*MZZZfflZZZffl 



*RCS 

<* — *• 



I/O 
(OUTPUT) 



I/O 
(INPUT) 



■ *RAC - 



*bzc 



V///////////////& 



tDTS 



DT/OE 



ST 



*CRP 



/ 



mmmmL 



*RRH 



- — *CAC — *- 



^TH - 



*DZO 



«— *RCH 



mm 



«*-*0FF1 -*• 



< 



■ W 



*0FF2 



thiol mi 



3- 



1/ /I ; Don't care 



• Early Write Cycle 



\ 



-*RC- 



- *RAS • 



*RCD ■ 



^SH 



■« *- 



-*RSH- 



J^-W- 



V- ^ J 



*CRP 



*CAH 



— v^sdium^^Ji i///////////// 



*ws . . *wcs 

>* — »► ««- Vh -m -« — » 



1/0 7i r ., 

(INPUT) //c, 1 



*MS 



««- *MH 



I/O 
(OUTPUT) 



*DTS 



3e 



■* >■ 



■ ^CH - 



iSZZZZM 



■* — *- 



77^ -^r-^ 7Z^7^ 



«— ^TH — »- 



^ IB W//////////////////77777r, 



TT7\ ; Don't < 



Note: *1. When WE is high level, all the data on I/Os can be written into the m emory cell. When WE is low level, the data on I/Os 
are not written except for the case the I/O is high at the falling edge of RAS. 
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HM538122 Series 



• Delayed Write Cycle 



X 



$Zi 



■* — *RCD — *• 



■ *RAS ■ 



^i— *RP- 



Address /jT row 



I *WS *r A H 



ICE 



X 



- *RSH - 



■*CAS- 



- ^SH - 



DT/OE 



I/O 
(OUTPUT) 



jT 



*DTS 



*WH 



««— *CAH -*■ 



f 



*CRP 



imzmzzmzzL 



mz& 






3©e: 



■ *WP - 



- *RWL- 



mint/tiit 



T 



- *CWL - 






™» iV///////////. 



I/O 
(INPUT) 



V / I ; Don't care 



Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 

• Read-Modify-Write Cycle 



. *CRP 



\ 



■ *rwc - 



nfizi 



- *RWS - 



■ *RCD • 



-*- *RAD -*> 
*RAH 



30' 






<MSU« 
(INPUT) V//X 



*MH 



•*- *DZC -*• 



I/O 
(OUTPUT) 



DT/OE 



> 



% 



-^CSH - 



2~ ^ 



■ ^AS ■ 



*CAH 



■ ^SH 



*DZO 



■Vl-S *DTH . ^ OAC 



*RAC 



V 



mUMEMML 



*CWD - 

*AWD 



*CAC 



f 6 



«« *CWL *\ 

~ZW7777777. 



j L VALID J r 

^r D °"< i e 



*OFF2 



*DH 



rmmnmR 



-*-*OEH 



" V///////// 



^Hl ; Don't care 



Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 



1184 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM538122 Series 



Page Mode Read Cycle 



\ 



■ Wsp 



■*RC 



«*— *RCD — *-| 



-^SH- 



*RAD *A! 



*RAH 



*RCS 

mf/M 



-«CAS- 



I/O 
(OUTPUT) 



I/O 
(INPUT) 



*RAC 



*CAH t ASC X AS 

^frl ^ ^ ~*^i Vau «t 



*RCH - 



*CAC 



*DZC 



ttm^ 



DT/OE 



*0FF1 



E=QnLjf 



K 



<S 



^ 



^ZO 
*OAC 



, *DTS 4 *OAC *0FF2 ~*\ Kt a/> 

| « »| j«*- *DTH -*► -h^ }-*— « » | , < I OAC > 



« — *RSH 
-•-^AS-^ 



j! 



■ ^p — 



■ *CRP ■ 



*RCH ***] 

few, tot 



*DZC 



•& 



t OFF2 



W/////////////Z 

h- *RCS |- *A *RRH 

*RCH *- 



< 



tmh. 



W 



*CAC 



"WL 



-^Wfi-^ 



*0FF2 



~h7T777T7J. 



1/ /I ; Don't care 



Page Mode Write Cycle (Early Write) 



\ 



•*— *RCD —+■ 



■ *rasp 



-<RC 



*RAH t ASC 



-^SH- 



■ *PC- 






(INPUT) 



I/O 
(OUTPUT) 



i/? 3E 



*MS 



* *• 



DT/OE 



TZF 



*mh r 



"*"•« — *CAS — *• h-^AS-H -<- t CAS-«4 "* 

^AH *ASC - 



**A | « » « » | | « » -**-| *CAH -h - k— *CAH 






\sm. 



•* — J *ds h *■ 

ALIO -\l/ / / /\f- VALIC 



■ *RSH - 



J^tRp-H.N— 



• *CRP - 



m 



"*— *WCH -*■ 



ft H »| |> S t 



■ *WP - 



J//////////// 



*-<DH 



3e 



'///m//////, 



^TH 



mM/}MMimmt}M/MMMm7777. 



1771 ; Don't c 



Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM538122 Series 



Page Mode Write Cycle (Delayed Write) 



\ 



*RASP 



■*RC 



3 ? *-<fcP-* 



•+- *rcd -+{ 



■*CSH- 



■ *CAS 



Vc 



KtcAS-H 



_ J f^3 c 3 f 3 5 c 3 f 



*RSH 
■*-*CAS-»- 



*CRP • 



l ASC > _ < w > I > < 

£^ ^ I ^ ^ I ^ ^ ^ ^ I tpiu ASC I ^> o I *CAH 

— i» U— U — »• tcWL h *" *CWL h~ *CWL — H 

"S *WH 

■« *> t WP t WP «« ^WL —*■ 



I/O 
(INPUT) 



I/O 
(OUTPUT) 



DT/OE 







-* — *■ t wp t wp * ^WL — *■ 






'/////////////////, 



*OEH 



M///J/J////////J///. 



1771 ; Don't c 



Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 

• RAS Only Refresh Cycle 



\ 



*CRP 



*RC 



*RAS 



y- 



-W- 



*RPC 

«« •«■ 



I ^ ^ ^ ^ I tp AH 



I/O 
(OUTPUT) 



<JS 77777 ?////////////////////////////////. 



*DTS *DTH 



«^ — v//////////////////777777m, 



1771 ; Don't < 
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HM538122 Series 



• CAS Before RAS Refresh Cycle 



_/ 



*RPC 



«j ^ M?AS ** p 



X 



*CSR 



W///MM 




*RC ■ 



■ *RAS 



«*- *chr -*■ r" 

/ 



*CRP 



\ 



7MMMMZMM 



i/o 7 

(INPUT) 



7//////////////////////////////7777T7? 



i/o 

(OUTPUT) 



DT/OE 



V//////////////////////////////7777777. 



1/ /I ; Don't care 



• Hidden Refresh Cycle 



x 



. *CRP 



Address 



W 



■ *RC 



■ *RAS 



*RCD 



*RAD 



\ 




■ *RSH ■ 



J W 



■*RC- 



*RAS 



■ ^HR 



#?u 



ROW JL COLUMN 



*RCS 



mm 



i/o 

(OUTPUT) 



Vrs 



-^HbTH 



*- m~^m: 



I/O 7 
(INPUT) 



«« »» 



*CAH . 



*CRP 



*RRH 



ft 






Vt X//////////J//// 



l AA + 



*RAC 

i *CAC *■ 

-«— ^AC -*> 



^ 



-♦-toe -*• 



Wl 



VALID DATA OUT 



/ 



*0FF2 



V / I ; Don't care 
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HM538122 Series 



• Read Transfer Cycle (1) 



RAS 



CAS 



\ 



•1, *2 



3P 



*RAS 



*RCD 



*RAH t* : 



X 



Zfal 



I/O 
(OUTPUT) 



I/O 
(INPUT) 



DT/OE 



O0C- 



• *RSH ■ 



^ — tpp — ^r 



*CAS 



7 



w 



^ p/)//J/M/M//)/J/M///M 



*CAH , 

mmmMMMM. 



SAM START 
ADD. 



*CDH 



*DTf 



WMJ///J///JKUJ777777. 



si/o 7"\/" 

(output) /a., 



VALID 
s out 



'//////////// 



*dthh -*■ 




SI/O 
(INPUT) 



y / J ; Don't care 



Notes: *1. 
*2. 



When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (1). 
SE is in low level. (When SE is high, SI/O becomes high impedance.) 



1188 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM538122 Series 



• Read Transfer Cycle (2) 



*1, *2 
■<RC 



* 



■ *RAS 



*RCD 



X 



■^SH - 



2^-<RP-^ 



*CAS 



/ 



*CRP 

^ ► 



^vT 



I/O 
(OUTPUT) 

I/O 
(INPUT) 



*RAH , , *ASC *CAH , 

^ yr^Jf 7777 7/////////////// 



*DTL 



HIGH-Z _ 
- *CDH — *4 



////////////////////////////////////777. 



VrS 
DT/OE 7\ 



SC 



Sl/O 
(OUTPUT) 



j- 



*RDH 



*DTHH 



*--- *////////, 



■*sc 



*SRS 



■«RLZ 






W h Xscc 



X SIH 

I— 



V- VALID J r 

> a " r 



Sl/O \f VALID 

(INPUT) i 



*" •"" *"■ r*— *sca — *4 r*~H~ ts0H 



V / I ; Don't care 

^23 » ' nri «bit rising transient 



Notes: *1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
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HM538122 Series 

• Pseudo Transfer Cycle 



RAS 



\ 



■*RC- 



Address 



WE 



DT/OE 



* 



*RAS 



«*- *RCD -*► 

"I - 

*asc t 



-*RSH ■ 



*CRP 



*CAS 



7K 



^S 



a; 



*DTS 



Sl/O 
(INPUT) 



Sl/O 
(OUTPUT) 



T tt "j- W/W/V////// 

-* ^SH -H 



7 



*WH 



' JM/W/WM/////M///M. 



^TH . 



7%? ^///////////////////////////, 



c •* — *• t SCP "* +- 

*SRS I . /SIS t s , H i 

«« — *- U t S)D *. u_*. ^ — l_*J 



*SRD t scc 



^kzMs£k 



SIS tsiH 

VALID 




*SRZ J 

? c f" 



*SCA ■ 



I/O ; Don't care 
^£J ; Don't care 
^^2! > Inhibit rising transient 
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HM538122 Series 



• Write Transfer Cycle 



RAS 



CAS 



-*RC- 



*RAS 



*RCD 



X 



I + *RP — *■ i 



- *CAS 



W 



'f 



Address 



tws 

2£ 



DT/OE 



K 



X 



ks 



y//////////////////////////////. 






'- (//////////////////////////////. 



*SRD 



Sl/O 
(INPUT) 







si/o 

(OUTPUT) 



HIGH-Z 



V / I ; Don't care 

[^^ ; Inhibit rising transient 
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HM538122 Series 



> Serial Read Cycle 



RAS 



*DTS 



»/« WMM///////7m — w//////////. 



\ 



VrH 



■ *RAS ■ 



/ 



SE 



/ 



— ^CC 



S1/0 
(OUTPUT) 



^^\ 



^-tsCPH" 




*SCA -*■ 



*SCC 



— tscc 



jflCnTPc J ( n+ l)P t 



-«-t SCP .^ 



(n-1) 



*SEZ 




Note: 1. Address is accessed next to address 255. 
• Serial Write Cycle 



RAS 



^TS 



^TMMMZMM — W////////. 



\ 



*DTH 



Ws • 



/ 



sc 



*scc 



(INPUT) 



1/0 "^V777/\ r 

=UT) ^n("-2)A///// r 



l SIS 




_t SWH ^ l sw.s 
*scc 



7 ■*- *sc -*■ Sk-W-*- 1 <*- *sc -** 5 -*- 1 scp* 7 ««- *sc ■*■ 5 ■* t scp+ > 7 -*■ *sc ■*• 
_/ ( n -2) qr i (n-D qr yj (n) qr i ( n +D 



at 



«— T sws ■ 
*scc — 




& k////////////i s 




U7\ ; Don't < 



Notes: 1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
2. Address is accessed next to address 255. 
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HM538122 Series 



> Logic Operation Set/Reset Cycle 



-*— *RP- 



_] *RPC 5* 



CAS 



ASR 



*CSR 



Address / / /jL 
WE 



*RC 



*RAS 



VcHR 



kH*CRP 



-*RAH ■ 



m. 



*bs 



i/o 

(INPUT) 



*WH 



j f//////////////////m 



, 1/////////////////////////// 



*OH-H 



S£ 



I/O 
(OUTPUT) 



W//////////////777T7T, 



— '/i/M/Mt/iwiwnwiwMMm. 



1/ /I ; Don't care 



Notes: *1. Logic code Aq- A3. 
*2. Write mask data. 

• Logic Operation Mode Timing Waveforms 
Early Write Cycle 



X 



- Vrc ■ 



3P 



■Ws 



*RCD 



VCSH • 



\ 



-*RAH 



Address / /X ROW 



. twcs 



hVrsh*- 



ft tRR ^ 



^FS 



*CAH 

■* »> 



■f 



|« » ■* — *wh — *4 |« » 



I/O 
(INPUT) 



I/O 



MZZZZML 



*WCH - 



t wp _ 



: ^^7 



« » •« *MH H -* ^ |* ■ *- 



(OUTPUT) ^ 



*DTH 

>« — *► 



^ 7ft — W/////////////////////////M 



1/ /I ; Don't care 



Note: *1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not 
written except for the case that the I/O is high at the falling edge of RAS. 
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HM538122 Series 
Delay Write Cycle 



~\ 



■Vrc 



Ws 



3 i^^\ 



*RCD 



WE 



DT/OE 



*RAH 



*ASC 5- 

•< +■ La 



- Vrsh ■ 



*CFS 



- VCSH - 



7 



«~ 7 F^tin=ry////////////777777, 



•1 



*DTS 



3f 



<MS 



I/O 
(INPUT) 



I/O 
(OUTPUT) 



*CAH 



*MH 



™ ~ U_ tQ S + 



\ V77777?Jr—M//JJ/MJ//JJ. 



*rwl 



• *CWL ■ 



y////////////////77 

- *OEH 



-H |-« ^H *A 



HIGH-Z 



F71 ; Don't ( 



Note: *1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not 
written except for the case that the I/O is high at the falling edge of RAS. 
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HM538122 Series 



Page Mode Write Cycle (Delayed Write) 



\ 



3E 



Vrc • 



-•-^CD-*- 



■ *RFSP 



Sl 



VCSH 



jJrah ^ 



Address ' /W_ ROW 



*WS 



2E 



WE VX_ *1 



I/O 
(INPUT) 



«* — *■ 



3E 



Vpc 



*CFS *CFS ^FS L«_. 

4 »» <«i *> «* *• 



-*— Vrsh -*■ 



"«— *WH *CWL 



*MH 



.^S 



I/O 
(OUTPUT) 



DT/OE 



^ 



*DTS 




VALID" 
D|r 






*CRP -»- 




wmc~,cm?s-in?A- n7m77. 







7J7TTT7/ 



*DH 



^7Z7Z7 






^^^ 



F71 ; Don't < 



Note: *1. When WE is high, all the data on I/Os can be written into the me mory cell. When WE is low, the data on I/Os are not 
written except for the case that the I/O is high at the falling edge of RAS. 
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HM538122 Series 



Page Mode Write Cycle (Early Write) 



RAS 



CAS 



\ 



-%. 



-*RC- 



"•-tRCD-^ 



■ Wsp ■ 



VcSH 



Address ' /%_ ROW 



*2EM 



I/O 
(INPUT) 



I/O 
(OUTPUT) 



*CFS 



*CP 
,*CAH t ASC 



Vpc — 

*CFS 

«i *■ 



*CAH 



Vrsh 



*WH 

*wcs 






a £Eu 



«« > 



X WCH 

4 »- 



*wcs - 



*WCH 

*wp* 



•J3D& 



77777777 



Vp 



. £7777 



| ^3 *MH IfcS tp H | ^S *DH tfcs tp H ^ 



*DTS 



*DTH 



■*» /tf \U/M/WWt/W/MM//M, 



V / I ; Don't care 



Note: *1. When WE is high, all the data on I/Os can be written into the me mory cell. When WE is low, the data on I/Os are not 
written except for the case that the I/O is high at the falling edge of RAS. 
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HM538123 Series 

131,072-Word x 8-Bit Multiport CMOS Video RAM 

■ DESCRIPTION 

The HM538123 is a 1-Mbit multiport video RAM equipped with a 128k-word x 
8-bit dynamic RAM and a 256-word x 8-bit SAM (serial access memory). Its RAM 
and SAM operate independently and asynchronously. It can transfer data between 
RAM and SAM and has a write mask function. In addition, it has two new functions. 
Flash write clears the data of one row in one cycle in RAM. Special read transfer 
internally detects that the last address in SAM is read and transfers the next data of 
one row automatically from RAM if a transfer cycle has previously been executed. 
These functions make it easier to use the HM538123. 

■ FEATURES 

• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM and SAM Capability 

RAM 128k-word x 8-bit 

SAM 256-word x 8-bit 

• Access Time 

RAM 100 ns/120 ns/150 ns (max) 

SAM 30 ns/40 ns/50 ns (max) 

• Cycle Time 

RAM 190 ns/220 ns/260 ns (min) 

SAM 30 ns/40 ns/60 ns (min) 

• Low Power 

Active 

RAM 385 mW (max) 

SAM 275 mW (max) 

Standby 40 mW (max) 

• High-Speed Page Mode Capability 

• Mask Write Mode Capability 

• Bidirectional Data Transfer Cycle between RAM and SAM Capability 

• Special Read Transfer Cycle Capability 

• Flash Write Cycle Capability 

• 3 V ariatio ns of Refresh (8 ms/512 Cycles) 

RAS Only R efres h 

CAS Before RAS Refresh 

Hidden Refresh 

• TTL Compatible 

■ ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HM538123JP-10 
HM538123JP-12 
HM538123JP-15 


100 ns 
120 ns 
150 ns 


400 mil 

40-pin 

Plastic SOJ(CP-40D) 




PIN OUT 



HM538123JP Series 


sec 


"T~vy~40pv S si 


SI/OOC 


2 39 


3 SI/07 


SI/01 c 


3 38 


3 SI/06 


SI/02 C 


4 37 


3 SI/05 


SI/03 C 


5 36 


3 SI/04 


DT/OEC 


6 35 


DSE 


l/OOC 


7 34 


3 1/07 


1/01 C 


8 33 


3 1/06 


1/02 [ 


9 32 


3 1/05 


1/03 C 


10 31 


3 1/04 


VcclC 


11 30 


]V S $2 


WEC 


12 29 


3 DSF 


NCC 


13 28 


] NC 


RASC 


14 27 


3 CAS 


NCC 


15 26 


3QSF 


A8C 


16 25 


3 AO 


A6t 


17 24 


3A1 


A5t 


18 23 


3A2 


A4t 


19 22 


3 A3 


Vcc2C 


20 21 


3A7 






0111-1 


(Top View) 



PIN DESCRIPTION 



Pin Name 


Function 


A -A 8 


Address Inputs 


I/O -I/O 7 


RAM Port Data Inputs/Outputs 


SI/O0-SI/O7 


SAM Port Data Inputs/Outputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Write Enable 


DT/OE 


Data Transfer Output Enable 


SC 


Serial Clock 


SE 


SAM Port Enable 


DSF 


Special Function Input Flag 


QSF 


Data Register Empty Flag 


Vcc 


Power Supply 


v S s 


Ground 


NC 


No Connection 
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HM538123 Series 



BLOCK DIAGRAM 



















RAM 










SAM 










I DT/OE | 










255 






o 

I 

0) 
V) 

Ul 


255 

"A 

-V 
n 


Dout 
Dm 


Memory 
Array 

Row 


i 

o 
o 






o 


-A 

8 




Pointer 


(A 

'5b 


( J From 

V 1 Column Address 

' (SAM Start 
Address) 












hr>r 








I/O t 




( ) 










\ 














A 






DR 


! Data Register 


511 


8 








3 


Mask 
Register 








WE T 


Selector h 


i 1 












" 


" ** 










8 




fin 




-=} 


Color 
Register 










risi/o i 
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■ PIN FUNCTION 

RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in Table 1 are input at the falling edge of RAS. 
The input level of those signals determine the operation cy- 
cle of the HM 538 123. 

• Table 1. Operation Cycles of the HM538123 



Input Level at the Falling Edge of RAS 


Operation Cycle 


CAS 


DT/OE 


WE 


SE 


DSF 


H 


H 


H 


X 


L 


RAM Read/Write 


H 


H 


H 


X 


H 


Color Register Set 


H 


H 


L 


X 


L 


Mask Write 


H 


H 


L 


X 


H 


Flash Write 


H 


L 


H 


X 


L 


Special Read 
Initialization 


H 


L 


H 


X 


H 


Special Read 
Transfer 


H 


L 


L 


H 


X 


Pseudo Transfer 


H 


L 


L 


L 


X 


Write Transfer 


L 


X 


X 


X 


X 


CBR Refresh 



Note: X; Don't care. 



CAS (input pin): Colum n address is put into chip at the fall- 
ing edge of CAS. CAS controls output impedance of I/O in 
RAM. 

A o _A 8 (input pins): Row a ddres s is determined by A0-A3 
level at the falling edge of RAS. Column a ddre ss is deter- 
mined by A0-A7 level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 



WE (input pin): WE pin has two functions at the falling edge 
of R AS and after. When WE is low at the falling edge of 
RAS, the HM538123 turns to mask write mode. According to 
the I/O level at the time, write on eac h I/O can be masked. 
(WE level at the_ falling edge of RAS is don't care in read 
cycle.) When WE is high at the falling edge of RAS, a nor- 
mal write cycle is executed. After that, WE switches 
read/write cycles as in a standard DRAM. In a transfer cy- 
cle, the direction of transfer is determined by WE level at 
the falling edge of RAS. When WE is low, data is transferred 
from SAM to RAM (data is written into RAM), and when WE 
is high, data is transferred from RAM to SAM (data is read 
from RAM). 

I/O0-I/O7 (input/output pin s): I/ O pins function as mask 
data at the falling edge of RAS (in mask write and flash 
write mode). Data is written only on high I/O pins. Data on 
low I/O pins are masked and internal data are retained. Af- 
ter that, they function as input/output pins as those of a 
standard DRAM. 

DT/OE (input pin): DT/OE pin func tions as DT (data trans- 
fer) pin at the falling edge_of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle beco mes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 

SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data is output from an Sl/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an Sl/O 
pin at the rising edge of SC is put into the SAM data regis- 
ter. 

SE (input pin): SE pin activates SAM. When SE is high, Sl/O 
is in the high impedance state in serial read cycle and data 
on Sl/Ojs not put into the SAM data register in serial write 
cycle. SE can be used as a mask for serial write because 
internal pointer is incremented at the rising edge of SC. 
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SI/O0-SI/O7 (input/output pins): Sl/Os are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a special read transfer 
cycle or special read initialization cycle, Sl/O outputs data. 
When it was a pseudo transfer cycle or write transfer cycle, 
Sl/O inputs data. 

DSF (input pin): DSF is a special data input flag pin. It is set 
to high when new functions such as color register set, spe- 
cial read transfer, and flash write, are used. 

QSF (output pin): The HM538123 has a double buffer orga- 
nization which includes two SAM data registers to relax the 
restriction on timings of DT/OE and SC in real time transfer 
cycle. QSF flag turns high when output from one of SAM 
data registers finished (data register empty flag). If the con- 
dition is detected and special read transfer cycle is execut- 
ed, data is transferred to the empty register. SC (serial 
clock) and data transfer cycle can be set asynchronously 
because detection of the last address in SAM and change of 
data register are executed automatically in the chip. It 
makes the system design flexible. 

■ OPERATION OF HM538123 

• Operation of RAM Port 

RAM Read Cycle (DT/OE High, CAS High, DSF Low at the 
Falling Edge of RAS) 

Row address is en tered at the RAS falling edge and col- 
umn address at the CAS falling^ edge to the device as in 
stand ard D RAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected address data is output 
throu gh I/O pin. At the falling edge of RAS, DT/OE and 
CAS become high to distinguish RAM read cycle from trans- 
fer cycle and CBR refresh cycle. Address access time (tAA) 
and RAS to column address delay time (tRAo) specifications 
are added to enable high-speed page mode. 

RAM Write Cycle 

(Early Write, Delayed Write, Read Modify Write) 

(DT/OE High, CAS High, DSF Low at the Falling Edge of 
RAS) 

• Normal Mode Write Cycle 

(WE High at the Falling Edge of RAS) 

When CAS and WE are set low after driving RAS low, a 
write cycle is executed and I/O data is written in the select- 
ed addresses. When all 8 l/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle a nd I/ O becomes in high im- 
pedance. Data is entered at the C AS falling edge. 

If WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling. 
I/O does not become high impedance in this cycle, so data 
should be entered with OE in high. 



If WE is set low after tcwD ( min ) ar) d *awd ( m i n ) a ^ er tne 
CAS falling edge, this cycle becomes a read modify write cy- 
cle and enables read/write to execute in the same address 
cycle. In this cycle also, to avoid I/O contention, data should 
be input after reading data and driving OE high. 

• Mask Write Mode 

(WE Low at the Falling Edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode cycle which writes only to select- 
ed I/O. Whether or not an I/O is written depends on I/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high I/O pins and masked in low ones and inter- 
nal data is preserved. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is preserved during the page access. 

High-Speed Page Mode Cycle (DT/OE High, CAS High, 
DSF Low at the Falling Edge of RAS) 

High-speed page mode cycle reads/writes the data o f the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle and is higher than the standard page mode cycle by 
70-80%. This product is based on static column mode, 
therefore, address access time ^aa), RAS to c olumn ad- 
dress delay time (tRAD). and a ccess time from CAS pre- 
charge (tACp) a re added. In one RAS cycle, 256-word mem- 
ory cells of the same row address can be accessed. It is 
necessary to specify access frequency within tRAs max 
(10 jus). 

Flash Write Function (See Figure 1) 

• Color Register Set Cycle (CAS-DT/OE-WE High, DSF High 
at the Falling Edge of RAS) 

In color register set cycle, color data is set to the internal 
color register used in flash write cycle. 8 bits of internal col- 
or register are provided at each I/O. This register is com- 
posed of static circuits, so once it is set, it preserves the 
data until reset. The data set is just as same as in the usual 
write cycle except that DSF is set high at the falling edge of 
RAS, and early write and delayed write cycle can be execut- 
ed. In this cycle, memory array access is not executed, so it 
is unnecessary to give row and column addresses. 

• Flash Write Cycle (CAS-DT/OE High, WE Low, DSF High 
at the Falling Edge of RAS) 

In a flash write cycle, a row of data (256 x 8 bit) is 
cleared to or 1 at each I/O according to the data of color 
register mentione d before. It is also possible to mask I/O in 
this cycle. When CAS-DT/OE is se t high , WE is low, and 
DSF is high at the falling edge of RAS, this cycle starts. 
Then, the row address to clear is given to row address and 
mask data is to I/O. Mask data is as same as that of a RAM 
write cycle. High I/O is cleared, low I/O is not cleared and 
the internal data is preserved. Cycle time is the same as 
those of RAM read/write cycles, so all bits can be cleared in 
1/512 of the usual cycle time. 
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Rash Write Cycle 
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(I/04— 1/07 are also operated similarly.) 



Figure 1. Use of Flash Write 
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• Transfer Operation 

The HM538123 provides the special read initialization cy- 
cle, special read transfer cycle, pseudo transfer cycle, and 
write transfer cycle as data transfer cycles. These transfer 
cycle s are set by driving DT/OE low at the falling edge of 
RAS. They have following functions: 

(1 ) Transfer data between row address and SAM data regis- 
ter (except for pseudo transfer cycle) 

(2) Determine direction of data transfer 

(a) Special read initialization cycle, 

Special read transfer cycle: RAM — ► SAM 

(b) write transfer cycle: RAM <— SAM 

(3) Determine input or output of SAM I/O pin (Sl/O) 
Special read initialization cycle: Sl/O output 

Pseudo transfer cycle, 
write transfer cycle: Sl/O Input 

(4) Determine first SAM address to access (SAM start ad- 
dress) after transferring at column ad dress . When SAM 
start address is not changed, neither CAS nor address 
need to be set because SAM start address can be 
latched internally. 

Special Read Initialization Cycle (CAS High, DT/OE 
Low, WE High, DSF Low at the Falling Edge of RAS) 

If CAS is high, DT/OE is low, WE high, and DSF low at 
the falling edge of RAS, this cycle becomes a special read 
initialization cycle. Special read initialization is used (1) to 
start special read transfer operation and (2) to switch SAM 



input/output pin (Sl/O) set in input state by pseudo transfer 
cycle or write transfer cycle, to output state. 

If the clock is set as mentioned before, address of SAM 
transfer word line is set to row address and first SAM ad- 
dress to access (SAM start address) to column address, it 
bec omes possible to execute SAM read after tsRD (min) af- 
ter RAS i s hig h. In this cycle, Sl/O outputs uncertain data 
after the RAS falling edge. So when SAM is in input state 
before e xecu ting this cycle, it is necessary to stop input be- 
fore the RAS falling edge. 

SAM access is inhibited while RAS is low in this cycle. SC 
should not be raised during RAS low. 

Special Read Transfer Cycle (CAS High, DT/OE Low, 
WE High, DSF High at the Falling Edge of RAS) 

Ordinary multiport video RAM has some problems; J1) se- 
vere limitation on timings between processor clock DT/OE 
and CRT clock SC, (2) complicated external control circuit to 
detect SAM last address externally and to insert transfer cy- 
cle synchronously. Special read transfer cycle makes it pos- 
sible to relax the timing limitations and to set serial clock 
(SC) and transfer cycle perfectly synchronously. 

Figure 2 shows the block diagram for a special read 
transfer. SAM double buffers are composed of two data reg- 
isters (DR). When data is read out from DRO serially, special 
read transfer cycle transfers a row of RAM data, which will 
be read from SAM next, to DR1. 

The end of data read from DRO is detected internally and 
data register switching circuit automatically switches to DR1 
output. So data can be output continuously. 



RAM 



Memory 
Array 



V///A 



DR : Data Register 



SAM 



a 



:9 



Pointer 



| Selector h 
Sout(ORO) 



Oetect SAM 
Last Address 




Figure 2. Block Diagram for Special Read Transfer 
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Figure 3 shows special read transfer operation sequence. 
QSF flag indicates that reading out from data register has 
finished (data register empty flag), and special read transfer 
can be executed while QSF is high. At first, special read op- 
eration starts by executing a special read initialization cycle. 
So QSF becomes high, the processor gives row address 
and SAM start address, which is needed next, to the memo- 
ry, and inserts a special read transfer cycle. Data register 
becomes full after a special read transfer cycle, so QSF be- 
comes low during the cycle. When the last SAM address is 
accessed, QSF becomes high and the data register, which 
outputs from the next SAM address, changes, and serial ac- 
cess can be executed. 

By executing these handshakes, serial clock and transfer 
cycle can be executed perfectly asynchronously, and flexibil- 
ity of the system design is improved. 

Special read transfer cycle is set by making CAS high, 
DT/OE low, WE high, and DSF high at the falling edge of 
RAS (same as for special read initialization cycle except 
DSF). Like in other transfer cycles, the address of the word 
line to transfer into data register is specified by row address 
and SAM start is specified by column address. When the 
last SAM address data is output, the next data is output 
from the SAM start address specified by this RAS cycle. 
This transfer cycle can be executed asynchronously with 



SAM cycle . However, it is necessary to execute SAM access 
after R AS b ecomes high after SAM start address is speci- 
fied by RAS cycle. (See Figure 4). 

QSF should be high at the falling edge of RAS to execute 
a special read transfer cycle. A cycle whose QSF is low is 
neglected (refresh is executed). When the previous transfer 
cycle is a pseudo transfer or write transfer cycle and Sl/O is 
in input state, special read transfer cycle cannot be used 
(neglected). Special read initialization cycle is required to 
switch Sl/O to output state. 

Pseudo Transfer Cycle (CAS Hi gh, D T/OE Low, WE Low, 
and SE High at the Falling Edge of RAS) 

Pseudo transfer cycle is available for switching Sl/O from 
output state to input state be caus e data in RAM isn't rewrit- 
ten. This cycle starts when CAS is high, DT/ OE low, WE 
low, and SE high, at the falling edge of RAS. The output 
buffer in Sl/O becomes high impedance within tsRz (max) 
from the RAS falling edge. Data should be input to Sl/O lat- 
er than tsiD (m« n ) to avoid data content ion. S AM access be- 
comes enabled after tsRD ( m ' n ) a ^ er RAS becomes high, 
like in the special read ini tializa tion cycle. In this cycle, SAM 
access is inhibited during RAS low, therefore, SC should not 
be raised. 
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Multiport 
Operation 



— DR1 



Cycle 



cycle 



QSF 



SC 



Sl/O 
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VRAM Yspecial read V RAM Vspecial read V 

A Read/Write A transfer cycle A Read/Write A transfer cycteA 



RAM Read 
/Write 



/ / 

Column address 

/ 



r 



=w 



Column address 

/- \ 



Y=255 Y = i i+1 i+2 Y=255 Y=j j+1 

AA- A/WIA AN 



I 



Output from DRO 



Output from DR1 



Figure 3. Special Read Transfer Operation Sequence 
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Figure 4. The Restriction of Special Read Transfer 



Write_Transfer Cycle (CAS High, DT/OE Low, WE Low, 
and SE Low at the Falling Edge of RAS) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred in to RA M is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address to serial write after terminating this cycle. Also in 
this c ycle, SAM access becomes enabled after tsRD (mln) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC should not be raised. 

• SAM Port Operation 

Serial Read Cycle 

SAM port is in read mode when the previous data trans- 
fer cycle is special read initialization cycle or special read 
transfer cycle. Access is synchronized with SC rising, and 
SAM data is output from Sl/O. When the last address is ac- 
cessed at the state of QSF low (data register is full), it is 
signaled to external circuits that special read transfer is en- 
abled by making QSF high. Next, after SAM access, output 
data register is switched, then the row address data given 
by previous special read transfer cycle is output from the 
SAM start address. If special read transfer isn't performed 
(QSF high), the column address of the same row address 
is accessed after the last address is accessed. 



Serial Write Cycle 

If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, Sl/O data is programmed into data register at the SC 
rising edge like in the serial read cycle. If SE is high, Sl/O 
data isn't input into data register. Internal pointer is incre- 
mented according to the SC rising edge, so SE high can be 
used to mask data for SAM. 

• Refresh 

RAM Refresh 

RAM, which is composed of dynamic circuits, requires re- 
fresh to retain data. Refresh is performed by accessing all 
512 row addr esses every 8 ms. Th ere ar e three refre sh cy- 
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hi dden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses ev- 
ery 8 ms. 

RAS Only Refresh Cycle: RAS only re fresh cycle is per- 
formed by activating only RAS cycle with CAS fixed to high 
by inputting the row address (= refresh address) from exter- 
nal circuits. In this cycle, output is high-impedance and pow- 
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er dissip ation is less than that of normal read/write cycles 
because CAS internal circuits don't operate. To distinguish 
this cycle from dat a tran sfer cycle, DT/OE should be high at 
the falling edge of RAS. 

CBR Refresh Cyc le: CBR refresh cycle is set by activat- 
ing CAS before RAS. In this cycle, refresh address need not 
to be input through external circuits because it is input 
through an internal refresh counter. In this cycle, output is in 
high impedance and power dissipation is lowered like in 



RAS only refresh cycles because CAS circuits don't operate. 

Hidden Refresh C ycle: Hidden refresh cycl e pe rforms re- 
fresh by reactivating RAS when DT/OE and CAS keep low 
in normal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift register, selector), orga- 
nized as fully static circuitry, don't require refresh. 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Rating 


Unit 


Note 


Terminal Voltage 


V T 


-1.0 to +7.0 


V 


1 


Power Supply Voltage 


Vcc 


- 0.5 to + 7.0 


V 


1 


Power Dissipation 


P T 


1.0 


w 




Operating Temperature 


Topr 


Oto +70 


°c 




Storage Temperature 


T stg 


- 55 to + 125 


°c 





Note: 1. Relative to Vgs- 

■ ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = to 



■70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


Vil 


-0.5 


— 


0.8 


V 


1,2 



Notes: 1 . All voltages referenced to Vgg. 
2. - 3.0V for pulse width < 10 ns. 



• DC Electrical Characteristics (T A = o to + 70°C, Vcc = 


5V ±10%, V S s 


= 0V) 








Parameter 


Symbol 


HM538123-10 


HM538123-12 


HM538123-15 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


RAM Port 


SAM Port 


Operating 
Current 


J CC1 


— 


70 


— 


60 


— 


50 


mA 


RAS, CAS 

Cycling 
t RC = Min 


SC = V IL ,SE = Vffl 




!CC7 


- 


120 


- 


100 


- 


80 


mA 


SE = V IL , SC Cycling 
tscc = Min 




Standby 
Current 


!CC2 


— 


7 


— 


7 


— 


7 


mA 


RAS, 

CAS = V ffl 


SC = V IL ,SE = Vffl 




!CC8 


- 


50 


- 


40 


- 


30 


mA 


SE = V IL , SC Cycling 
tscc = Mul 




RAS Only 


!CC3 


— 


60 


— 


50 


— 


40 


mA 


RAS Cycling 
CAS = Vffl 
tRC = Min 


SC = V IL ,SE = Vffl 




Refresh 
Current 


!CC9 


- 


110 


- 


90 


- 


70 


mA 


SE = V IL ,SC Cycling 
tscc = Min 




Page 
Mode 


!CC4 


— 


65 


— 


55 


— 


45 


mA 


CAS Cycling 
RAS = V IL 
t RC = Min 


SC = V IL ,SE = Vffl 




!CC10 


- 


115 


- 


95 


- 


75 


mA 


SE = V IL , SC Cycling 
tscc - Min 




CAS Before RAS 


ICC5 


— 


60 


— 


50 


— 


40 


mA 


RAS Cycling 
t RC = Min 


SC = Vi L ,SE = Vffl 




Refresh 
Current 


JcCll 


- 


110 


- 


90 


- 


70 


mA 


SE = V IL , SC Cycling 
tscc = Min 




Data 


!CC6 


— 


90 


— 


90 


— 


90 


mA 


RAS, CAS 

Cycling 
tRc = Min 


SC = V IL ,SE = Vffl 




Transfer 
Current 


ICC 12 


- 


125 


- 


125 


- 


125 


mA 


SE = V IL , SC Cycling 
tscc = Min 
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• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 



Parameter 


Symbol 


HM538123-10 


HM538123-12 


HM538123-15 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


-10 


10 


juA 






Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


-10 


10 


juA 






Output High 
Voltage 


VOH 


2.4 


- 


2.4 


- 


2.4 


- 


V 


!oh = -2 mA 




Output Low 
Voltage 


Vol 


- 


0.4 


- 


0.4 


- 


0.4 


V 


Iql = 4.2 mA 





• Capacitance (T A = 25°C, V C c = 5V, f = 1 MHz, Bias: Clock, I/O = V C c, Address = V S s) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Address 


Cn 


— 


— 


5 


pF 


Clock 


Cl2 


— 


— 


5 


pF 


I/O, SI/O 


Q/O 


— 


— 


7 


pF 



• AC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 1 - 11 
Test Conditions 



Input Rise and Fall Time: 
Output Load: 

Input Timing Reference Levels: 
Output Timing Reference Levels: 



5 ns 

See Figures 

0.8V, 2.4V 

0.4V, 2.4V 



Output Load (A) 



Ioh=— 2mA 



I/O 



I 



n- 



100pF" 



T m 



Note: 1. Including scope & jig. 



Output Load (B) 



+5V 



Iom = — 2mA 



I oi= 4.2mA 



SI/0 



T 



<h 



.50PF' 1 



777 
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Common Parameter 



Parameter 


Symbol 


HM538123-10 


HM538123-12 


HM538123-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write 
Cycle Time 


tRC 


190 


- 


220 


- 


260 


- 


ns 




RAS Precharge Time 


tRP 


80 


— 


90 


— 


100 


— 


ns 




RAS Pulse Width 


tRAS 


10000 


100 


120 


10000 


150 


10000 


ns 




CAS Pulse Width 


tCAS 


30 


10000 


35 


10000 


40 


10000 


ns 




Row Address Setup Time 


*ASR 





— 





— 





— 


ns 




Row Address Hold Time 


*RAH 


15 


— 


15 


— 


20 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 





— 


ns 




Column Address Hold Time 


tCAH 


20 


— 


20 


— 


25 


— 


ns 




RAS to CAS Delay Time 


tRCD 


25 


70 


25 


85 


30 


110 


ns 


5,6 


RAS Hold Time 


tRSH 


30 


— 


35 


— 


40 


— 


ns 




CAS Hold Time 


*CSH 


100 


— 


120 


— 


150 


— 


ns 




CAS to RAS Precharge Time 


*CRP 


10 


— 


10 


— 


10 


— 


ns 




Transition Time (Rise to Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 




Refresh Period 


tREF 


— 


8 


— 


8 


— 


8 


ns 




DT to RAS Setup Time 


*DTS 





— 





— 





— 


ns 




DT to RAS Hold Time 


toTH 


15 


— 


15 


— 


20 


— 


ns 




DSF to RAS Setup Time 


tSFS 





— 





— 





— 


ns 




DSF to RAS Hold Time 


tSFH 


25 


— 


25 


— 


30 


— 


ns 




Data-in to OE Delay Time 


tDZO 





— 





— 





— 


ns 




Data-in to CAS Delay Time 


*DZC 





— 





— 





— 


ns 




Read Cycle (RAM), Page Mode Read Cycle 


Parameter 


Symbol 


HM538123-10 


HM538123-12 


HM538123-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


100 


— 


120 


— 


150 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


30 


— 


35 


— 


40 


ns 


3,5 


Access Time from OE 


tOAC 


— 


30 


— 


35 


— 


40 


ns 


3 


Address Access Time 


Ua 


— 


45 


— 


55 


— 


70 


ns 


3,6 


Output Buffer Turn-off 
Delay Referenced to CAS 


tOFFl 





25 





30 





40 


ns 


7 


Output Buffer Turn-off 
Delay Referenced to OE 


tOFF2 





25 





30 





40 


ns 


7 


Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Read Command Hold Time 


tRCH 





— 





— 





— 


ns 


12 


Read Command Hold Time 
Referenced to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 


12 


RAS to Column Address 
Delay Time 


tRAD 


20 


55 


20 


65 


25 


80 


ns 


5,6 


Page Mode Cycle Time 


tpc 


55 


— 


65 


— 


80 


— 


ns 




CAS Precharge Time 


tcp 


10 


— 


15 


— 


20 


— 


ns 




Access Time from 
CAS Precharge 


*ACP 


- 


50 


- 


60 


- 


75 


ns 
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HM538123 Series 



Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 












Parameter 


Symbol 


HM538123-10 


HM538123-12 


HM538123-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 





— 


ns 


9 


Write Command Hold Time 


t\VCH 


25 


— 


25 


— 


30 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


20 


— 


25 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


30 


— 


35 


— 


40 


— 


ns 




Write Command to CAS Lead Time 


*CWL 


30 


— 


35 


— 


40 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 


ns 


10 


Data-in Hold Time 


*DH 


25 


— 


25 


— 


30 


— 


ns 


10 


WE to RAS Setup Time 


tws 





— 





— 





— 


ns 




WE to RAS Hold Time 


*WH 


15 


— 


15 


— 


20 


— 


ns 




Mask Data to RAS Setup Time 


*MS 





— 





— 





— 


ns 




Mask Data to RAS Hold Time 


tMH 


15 


— 


15 


— 


20 


— 


ns 




OE Hold Time Referenced to WE 


tOEH 


10 


— 


15 


— 


20 


— 


ns 




Page Mode Cycle Time 


tpc 


55 


— 


65 


— 


80 


— 


ns 




CAS Precharge Time 


*CP 


10 


— 


15 


— 


20 


— 


ns 




Read-Modify-Write Cycle 


Parameter 


Symbol 


HM538123-10 


HM538123-12 


HM538123-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


255 


— 


295 


— 


350 


— 


ns 




RAS Pulse Width 


tRWS 


165 


10000 


195 


10000 


240 


10000 


ns 




RAS to WE Delay 


*CWD 


65 


— 


75 


— 


90 


— 


ns 


9 


Column Address to WE Delay 


*AWD 


80 


— 


95 


— 


120 


— 


ns 


9 


OE to Data-in Delay Time 


tODD 


25 


— 


30 


— 


40 


— 


ns 




Access Time from RAS 


tRAC 


— 


100 


— 


120 


— 


150 


ns 


2,3 


Access Time from CAS 


tCAC 


— 


30 


— 


35 


— 


40 


ns 


3,5 


Access Time from OE 


tOAC 


— 


30 


— 


35 


— 


40 


ns 


3 


Address Access Time 


*AA 


— 


45 


— 


55 


— 


70 


ns 


3,6 


RAS to Column Address Delay 


tRAD 


20 


55 


20 


65 


25 


80 


ns 


5,6 


Output Buffer Turn-off Delay 
Referenced to OE 


t()FF2 





25 





30 





40 


ns 




Read Command Setup Time 


tRCS 





— 





— 





— 


ns 




Write Command to RAS Lead Time 


tRWL 


30 


— 


35 


— 


40 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


30 


— 


35 


— 


40 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


20 


— 


25 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 





— 


ns 


10 


Data-in Hold Time 


*DH 


25 


— 


25 


— 


30 


— 


ns 


10 


WE to RAS Setup Time 


tws 





— 





— 





— 


ns 




WE to RAS Hold Time 


tWH 


15 


— 


15 


— 


20 


— 


ns 




Mask Data to RAS Setup Time 


tMS 





— 





— 





— 


ns 




Mask Data to RAS Hold Time 


tMH 


15 


— 


15 


— 


20 


— 


ns 




OE Hold Time Referenced to WE 


tOEH 


10 


— 


15 


— 


20 


- 


ns 
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HM538123 Series 
Refresh Cycle 



Parameter 


Symbol 


HM538123-10 


HM538123-12 


HM538123-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh) 


tcSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh) 


tCHR 


20 


- 


25 


- 


30 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


10 


— 


ns 





Transfer Cycle 



Parameter 


Symbol 


HM538123-10 


HM538123-12 


HM538123-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


WE to RAS Setup Time 


tws 





— 





— 





— 


ns 




WE to RAS Hold Time 


*WH 


15 


— 


15 


— 


20 


— 


ns 




SE to RAS Setup Time 


tES 





— 





— 





— 


ns 




SE to RAS Hold Time 


*EH 


15 


— 


15 


— 


20 


— 


ns 




RAS to SC Delay Time 


tSRD 


25 


— 


30 


— 


35 


— 


ns 




SC to RAS Setup Time 


tSRS 


30 


— 


40 


— 


45 


— 


ns 




RAS to QSF Delay Time 


tRQD 


— 


100 


— 


120 


— 


150 


ns 


4 


RAS to QSF (High) Delay Time 


tRQH 


— 


TBD 


— 


TBD 


— 


TBD 


ns 




Serial Data Input Delay Time 
from RAS 


tsiD 


50 


- 


60 


- 


75 


- 


ns 




Serial Data Input to RAS 
Delay Time 


tSZR 


- 


10 


- 


10 


- 


10 


ns 




Serial Output Buffer Turn-off 
Delay from RAS 


tSRZ 


10 


50 


10 


60 


10 


75 


ns 


7 


RAS to S out (Low-Z) 
Delay Time 


tRLZ 


5 


- 


10 


- 


10 


- 


ns 




Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


60 


— 


ns 




Access Time from SC 


tSCA 


— 


30 


— 


40 


— 


50 


ns 


4 


Serial Data-out Hold Time 


tS0H 


7 


— 


7 


— 


7 


— 


ns 


4 


SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 





— 


ns 




Serial Data-in Hold Time 


tsiH 


15 


— 


20 


— 


25 


- 


ns 





Serial Read Cycle 



Parameter 


Symbol 


HM538123-10 


HM538123-12 


HM538123-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


60 


— 


ns 




Access Time from SC 


tSCA 


— 


30 


— 


40 


— 


50 


ns 


4 


Access Time from SE 


tSEA 


— 


25 


— 


30 


— 


40 


ns 


4 


Serial Data-out Hold Time 


tSOH 


7 


— 


7 


— 


7 


— 


ns 


4 


SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


10 


— 


ns 




Serial Output Buffer Turn-off 
Delay from SE 


tSEZ 





25 





25 





30 


ns 


7 


Last SC to QSF Delay Time 


tSQD 


— 


TBD 


— 


TBD 


— 


TBD 


ns 


4 
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HM538123 Series 



Serial Write Cycle 



Parameter 


Symbol 


HM538123-10 


HM538123-12 


HM538123-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Serial Clock Cycle Time 


tscc 


30 


— 


40 


— 


60 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


10 


— 


ns 




SC Precharge Width 


tSCP 


10 


— 


10 


— 


10 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 





— 


ns 




Serial Data-in Hold Time 


tsIH 


15 


— 


20 


— 


25 


— 


ns 




Serial Write Enable Setup Time 


tsws 





— 





— 





— 


ns 




Serial Write Enable Hold Time 


tsWH 


30 


— 


35 


— 


50 


— 


ns 




Serial Write Disable Setup Time 


tswis 





— 





— 





— 


ns 




Serial Write Disable Hold Time 


*SWIH 


30 


— 


35 


— 


50 


— 


ns 




Flash Write Cycle 


Parameter 


Symbol 


HM538123-10 


HM538123-12 


HM538123-15 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Flash Write Cycle Write 


tRCFW 


230 


— 


265 


— 


310 


— 


ns 




RAS Pulse Width 


tRCSFW 


140 


— 


165 


— 


200 


— 


ns 




WE to RAS Setup Time 


tws 





— 





— 





— 


ns 




WE to RAS Hold Time 


tWH 


15 


— 


15 


— 


20 


— 


ns 




CAS High Level Hold Time 
Reference to RAS 


tCHHR 


20 


- 


25 


- 


30 


- 


ns 




Mask Data to RAS Setup Time 


tMS 





— 





— 





— 


ns 




Mask Data to RAS Hold Time 


tMH 


15 


— 


15 


— 


20 


- 


ns 





Notes: 1. AC measurements assume tj = 5 ns. 

2. Assume that tRCD ^ *rcd ( max ) an( * tRAD - *rad ( max )- If *RCD or tRAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 

4. Measured with a load circuit equivalent to 2 TTL load and 50 pF. 

5. When tRCD ^ *rcd (max) and tRAD - tRAD (max), access time is specified by tcAC- 

6. When tRCD ^ *rcd (max) and tRAD - tRAD (max), access time is specified by t^A* 

7. tQFF (max) is defined as the time at which the output achieves the open circuit condition (Vqh — 200 mV, Vql + 
200 mV). 

8- Vih (min) and Vjl (max) are reference levels for measuring timing of input signals. Transition times are measured between 

V IH and V IL . 
9. When t\ycs - twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 

condition. When tAWD - tAWD (min) and tcwD ^ tcwD (min), the cycle is a read-modify-write cycle; the data of the 

selected address is read out from a data out pin and input data is written into the selected address. In this case, impedance 

on I/O pins is controlled by OE. 

10. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read- 
modify-write cycles. 

11. After power-up, pause for 100 juls or more and execute at least 8 initialization cycles (normal memory cycles or refresh 
cycles), then start operation. 

12. If either tRCH or tRRH * s satisfied, operation is guaranteed. 
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HM538123 Series 



■ TIMING WAVEFORMS 
• Read Cycle 



"RffS" 



eas~ 



Address 



X 



X2< 



* w/mm 



I/O 
(Output) 



\ 



;/r^~?\ 



Column 



F 



>»wnm> 



(Input) 
BT/5T 

DSF 






Wi, 



'/ 



W/W//// //M 



tcAC 



ICM i 



mm 



< Valid 



mm* mm 



<L 



\/////////////////////////////M El:« 



't care. 



• Early Write Cycle 



RAS~ 



CAS" 



Address 



X 



V 



tftAHl t A SC 



%znz 



tcAS L 

— r 



Row 



^ >l*lZ^i 



l^c. 



^ W/////////M l 



S ////////M 



* . 7^\^ ^//////////////a 



(Input) 

I/O 
(Output) 

TTF/OT 
DSF 



High-Z 



t a ll 

W^ W//////////////// / //// /, 

Y/A ' Don't care. 



Note: *1. When WE is high level, all the data on I/Os can be written into the memor y cell . When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM538123 Series 



• Delayed Write Cycle 



CA5 
Address '/fi Row 



tASH 



;cs: 



\ 



Column 



DT/OT 

I/O 
(Input) 

I/O _ 
(Output) 



W////////////////M 



t0TS ^ — twM H 



f 2 




^^7777777777777777, 



High-Z 



!, l SFM 



: Don't care. 



Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 

• Read-Modify-Write Cycle 



RA"S~ 
CAS 



V 






}S\- 



:r\ 



/ 



* W»L L .t 1— 'CWL J 



DT/0T' 



^r^mTMi 




DSF 



V7ffi///////M/ MMVM/MM/M. 



X//A ' Don't care 



Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



1211 



HM538123 Series 



• Page Mode Read Cycle 



iss~ S 



ess 



Address 



K 



t^l S t 



■*■■ t A $c 



-5ZZS 






I/O 
(Output)" 



DSF 



2, 



'^l ^^TZ/////)^^////^ , 



1**-J r 



(\t£fi) V///7j fc 

tpTS ^T * 0F " I *«>*0 

p* r* ** ™ '*■"' ^*i r" — * j 



Valid 
Dout 



tcAM ' *ASC tcAM 



Ucs UchH «•» ^CS 



.'HX 





z 



TZZZZ 



Valid 
Dout 



> 



t0AC I°2i 



#77777 



t$FM 



Y//\ • Don't care. 



' Page Mode Write Cycle (Early Write) 



TUB 



CAS" 



W 



k ,'^v 



'II. 



wr 



I/O 
(Input) 



?>ra&; 



2: 



I/O 
(Output) 



T5T/OT' 




:>^^c 



iHfS^ 



^^v 



twcjl 



3 ^W\ 



Valid 
Din 



KZZZZK 



:mm 



,(M. 



Valid 
Din 



om L o, H*. 



mz&: 



?///// ///, 



, 077777, 



Valid 
Din 



-munL 



flf y//77/7/777777777/7777//777/77777777 / 

¥//)[ '• Don't care 



Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM538123 Series 



• Page Mode Write Cycle (Delayed Write) 



ws 



CA5 



\ 



■M 



/ 



\ 



.<:t\ 



nh^ 



I/O 
(Input) 



I/O 



(OutpUt) t T 

UT/OT 



DSF 






7)&yMiL\^mm\^(zim\r v//////// ////A 



"^mmMsmmmMMMZL 



High-Z 



# :: Tf/ if/// 

t»r, t 

^^////////////////////////////////////////m 



Y//\ : Don't care 



Note: 1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 



• RAS Only Refresh Cycle 



T?S§" 



CaT 



Address 



I/O 
(Output) 

I/O 
(Input) 



¥■ 



/■ 



1 



v/mm/A 



Row 



DSF ^r 



\ W////////MM Mf /M / /m 



v///////////////////////m 



™ f- ^////////// //////////////m 



tsFH 



W/M/MMMMMMM 



77A ' Don't care. 
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HM538123 Series 

• CAS Before RAS Refresh Cycle 



RAS 



c^s 



Address 



tw»c 



\ 



tcSR 



\ 



^ 



*CHR I [*" 



V 



W////////////////////////////////J7m 

* m///////////////////////////////////A 

I/O High-Z 

(Output) 

™ '////////////////////////////////////777, 

Y/A * Don't care. 



Hidden Refresh Cycle 



MS" 



CAS 



N; 



r. 



yS),; 



i^Ts 




Address //A Row 



3f 



- WT 



I/O . 
(Output) 



DT/OT 



I/O 



tozo 
tpzc 






Column 



%///////////)///////, 



H'm 



(Input) ,/" 



tcAC 



Valid Data Out 



F 



High-Z 



DSF 



y////////////////////////////////A 

Y/A ' Don't care. 
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HM538123 Series 



• Special Read Initialization Cycle (1)* 1 » * 2 



RAS~ 

CAS 

Address 

WE 

OSF 

DT/OT 

SC 

Sl/O 
(Output) 



=^ 



SS 



S& 



P 



\^&^///h//////////////M 



^/////////////////////////////m 



M. 



J 



p///////////////////////////////////. 




DSF 2t 



taw I ( I 



Valid 
Sout 



Valid 
Sout 



S///, '. Don't care 

^Q<[^ • Inhibit rising transient 



2 I/O : Don't care 



Notes: *1. When the previous data transfer cycle is a special read transfer cycle or special read initialization cycle, it is specified as 
special read initialization cycle (1). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance state.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 

• Special Read Initialization Cycle (2p> *2 



CAS 



Address '/ft Row 



WT 



\ 



7 



X 



; ^m 



77777777/7/77///////// 









J^hmm^M ,<osd 



SI/0 
(Output)" 



> \f Vahfl 



Sl/O VT Valid 
(Input) i 



WM/wt/MWHimm nm 




Y/Zh '• Don't care 

w//////////////////////////////////////////< Krr g — 



Notes: *1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is specified as special read initialization cycle 

(?)• _ 

*2. SE is in low level. (When SE is high, SI/O becomes high impedance state.) 

*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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HM538123 Series 

• Special Read Transfer Cycle *1> *2 




.p^ 



I/O 
(Output) 



I/O 7 
(Input) 



^^niiiiiiiinifimnmw, 



: vii/ii)ii)iiii///i)iwiiii//i/iii)ii. 



High-Z 



WUIIilll l llltllll l/ llll ll ll llll llll llh 



DT/6E 



SC 



Sl/O 
(Output) 

Sl/O 
(Input) 



\ 



2C 



% ^iilMnnwiimiii)iMiMiiiim 



t$cc ^ 



QSF t„ 



Hsoh I 

, tsc» ^ 



High-Z 



DSF 



^ 



»»//;;;«;;;«■ g^ 



Notes: *1. When QSF is low level at the falling edge of RAS, the special read transfer cycle is not performed. 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance state.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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HM538123 Series 



1 Pseudo Transfer Cycle 




DT.OE % 



Si/0 
(Output) 

QSF 



</ri//////////////////. 



t0TH | 



innnfflZMBmnnnMBL 



^m222222M22M22MSm 




J»S ji ^ 




ty/M^ wZ ty r- 



'//, : Don't care 
)ty) : Inhibit rising transient 
I/O : Don't care 



Note: *1. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
• Write Transfer Cycle 



"RSS" 



c 



Address 






DT/OE 



SE 

SC 

t 

SI/0 
(Input) 

SI/0 
(Output) 

QSF 



>: 



SAM Start 
Address 



£ 



w i ^iiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiii. 






1 Valid Sin 



\ wimniniiniK . 



13s 



mm 



High-Z 



77771 : Don't care 

yyVE ! Inhibit rising transient 



Note: *1. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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HM538123 Series 



• Serial Read Cycle 



!*S~ 



TTf/OE 



inmiiiminiinniF hjmiiirm 



w 



sc 



SI/0 
(Output) 



Jf<*-"\ 







Valid 
Sout 



Y//X : Don't care 



• Serial Write Cycle *V2 



"MS 



w ininiimiiiiiiiiiik viniiim 



V tpTH H f 



ST 



SC 



~(n-2)" 



tsis*- 



-ts*H-» 



jf tswis, tswiM !(, 



Hrffct 



«•— t S ws W 



It (n + lflN / 



' 1 tsiM^' tsiS t«IM 



Y//\ : Don't care. 



Note: *1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
*2. Address is accessed next to address 255. 
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• Serial Read Cycle (Around Address 255 in SAM) 





ticc 


% *ICC 






_/<l + l)\ 


r 


- J 


(254) \ 


« tgC % 


(255) \ 




^ (1) \ 

1 t§C * b 




T 






SI/0 
(Outout) 


X 


(254) ) 


[ (255) )j (i) 


DG»» 








.. tM0 >N 










1 






0111-26 







Note: *1. Address (i) is the SAM start address provided in the previous special read transfer cycle. When special read transfer cycle 
isn't executed (QSF remains in high level), address is accessed next to address 255. 

• Color Register Set Cycle (Early Write) 



WS 



ere 



w 







,/0 - W //JJ //// B. 



tw 



iaaL. 



twC»i 



fe 



Jcal 



-tc$H- 



( Input) 
BT/5T 

DSF 
Address 



rf 



Jots 



L t>F « r 



7zi 




M/////M 



'//// ////////// /// /, 



V/////////////////////////// 

« tsfH r | 

T//////////////////////////// 



tRAH I 

ZDK///// ////// ///// ///// /////// A 



Y//X '• Don't care. 



Note: *1. The level of address pin is don't care, but cannot be changed in this period. 
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Color Register Set Cycle (Delayed Write) 



RSS 



cas TJf 



p= 



da 



■ H/////M/////. 



DT/or 



^ 



DSF 



sf 



- T PH » 



<,&> mmMnS^^snnmninnniL 



wnnnnnnnnnnzm 



\ 



l //////////////////////77Mi 



Address ' 



77 JT^/////////////////////////////, 



: Don't care. 



Note: *1. The level of address pin is don't care, but cannot be changed in this period. 
• Flash Write Cycle 



RAS" 



CAS" 



v 



ML 



f 



- l W** m 



WMZMMMMM 



df &»///////////////////// 



m 



ML'.^MMMMMMM 



:, rf ^fff/ff/fl 



(Input) 



•» mf : ~ l////m////////////////////m 



DSF 






WMMIMMMMMl 



: Don't care. 
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HM538123A Series 

131,072-Word x 8-Bit Multiport CMOS Video RAM 

■ DESCRIPTION 

The HM538123A is a 1-Mbit multiport video RAM 
equipped with a 128k-word x 8-bit dynamic RAM and a 
256-word x 8-bit SAM (serial access memory). Its RAM and 
SAM operate independently and asynchronously. It can 
transfer data between RAM and SAM and has a logic opera- 
tion mode by internal logic-arithmetic unit and a write mask 
function. In addition, it has two modes to realize fast writing 
in RAM. Block write and flash write modes clear the data of 
4-word x 8-bit and the data of one row (256-word x 8-bit) 
respectively in one cycle of RAM. And the HM538123A 
makes split transfer cycle possible by dividing SAM into two 
split buffers equipped with 128-word x 8-bit each. This cycle 
can transfer data to SAM which is not active, and enables a 
continuous serial access. 

■ FEATURES 

• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM 

and SAM Capability 

RAM: 128k-word x 8-bit and SAM: 256-word x 8-bit 

• Access Time RAM 80 ns/1 00 ns (max) 

SAM 25 ns/25 ns (max) 

• Cycle Time RAM 150 ns/190 ns (min) 

SAM 30 ns/30 ns (min) 

• Low Power 

Active RAM 360 mW (max) 

SAM 280 mW (max) 

Standby 38.5 mW (max) 

• High-Speed Page Mode Capability 

• Logic Operation Mode Capability 

• Mask Write Mode Capability 

• Bidirectional Data Transfer Cycle between RAM and 
SAM Capability 

• Split Transfer Cycle Capability 

• Block Write Mode Capability 

• Flash Write Mode Capability 

• 3 V ariatio ns of Refresh (8 ms/512 cycles) 

RAS Only Refresh 

CAS Before RAS Refresh 

Hidden Refresh 

• TTL Compatible 

■ PIN DESCRIPTION 



Preliminary 



Pin Name 


Function 


A -A 8 


Address Input 


I/O0-I/O7 


RAM Port Data Inputs/Outputs 


SI/O0-SI/O7 


SAM Port Data Inputs/Outputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE 


Write Enable 


DT/OE 


Data Transfer/Output Enable 


SC 


Serial Clock 


SE 


SAM Port Enable 


DSF 


Special Function Input Flag 


QSF 


Special Function Output Flag 


v C c 


Power Supply 


v S s 


Ground 


NC 


No Connection 



HM538123AJ Series 




(CP-40D) 



HM538123AZ Series 




(ZP-40) 



PIN OUT 



9C 


[M538123AJ Series 


d 


1 


40 


3 Vss 


SKDO 


c 


2 


39 


1 SKD7 


SKD1 


c 


3 


38 


3 SIO6 


SKD2 


c 


4 


37 


3 SKD5 


S103 


c 


5 


36 


1 SKM 


DT/CFC 


6 


35 


: se 


IO0 


c 


7 


34 


3 107 


101 


c 


8 


33 


3 1/06 


K>2 


c 


9 


32 


3 KD5 


I03 


r_ 


10 


31 


D KM 


Voc 


c 


11 


30 


3 Vss 


WE 


r 


12 


29 


3 DSF 


NC 


c 


13 


28 


3 NC 


RAS 


c 


14 


27 


B CAS 


NC 


c 


15 


26 


3 QSF 


AS 


c 


16 


25 


3 A0 


A5 


c 


17 


24 


D A1 


A5 


c 


18 


23 


b A2 


A4 


c 


19 


22 


b A3 


Voc 


c 


20 


21 


p A7 








0089-1 




(Top View) 



HM538123AZ Series 



2 

4 
6 

ft 






10 
12 
14 
16 






18 
20 
22 
24 
?fi 






28 

30 
32 
34 
36 
38 
40 











I W34 
3 106 
5 ST 

7 S105 
9 S107 

II SC 
13 SK>1 
15 SKX3 
17 IO0 
19 102 
21 Voc 
23 NC 
25 NC 
27 AS 
29 A4 
31 A7 
33 A2 
35 A0 
37 TZS 
39 DSF 



(Bottom View) 



ORDERING INFORMATION 



Part No. 


Access Time 


Package 


HM538123AJ-8 
HM538123AJ-10 


80 ns 
100 ns 


400 mil 28-pin 
Plastic SOJ 
(CP-28D) 


HM538123AZ-8 
HM538123AZ-10 


80 ns 
100 ns 


475 mil 28-pin 
Plastic ZIP 
(ZP-40) 
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HM538123A Series 



BLOCK DIAGRAM 



A0-A7 



J" 



A0-A8 

_L_ 



A0-A8 



Column Address| 
, Buffer i 



Row Address 
Buffer 



<- 



Refresh 
Counter 



Row Decoder 



£2 



oo 



Serial Address 
Counter 



~{>oQSF 



256 Memory Array 
















+ 












a 






■a 






o 






u 




3 


OJ 




CD 


Q 




o 


c 






b 




< 


3 
O 




LO 


2 
< 

to 











1 












k 


Input Data 
Control 










7 
















t 














O) 




a; 








£ ai 




-*.£ 




n.^ 








a; 4-i 




£ CT 




~ CT 












j5 a) 




O Q) 








u™> 




^a: 




UK 








<& 
















1 


r 










t 






















Logic Operation 










Unit 






























Input 


Output 
















Buffer 


Buffer 



JT 



Serial Output 
Buffer 



Serial Input 
Buffer 



SI/OO-SI/07 



Timing Generator 



I/00-I/07 



k lu £ 1^ 
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HM538123A Series 



■ PIN FUNCTIONS 

RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of these signals determine the operation cycle of 
theHM538123A. 

CAS (input pin): Column address and DSF signal are fetched 
into chip at the falling edge of CAS, which determines the 
operation mode of HM538123A. CAS controls output imped- 
ance of I/O in RAM. 

Ao-As (input pins): Row address (AXg-AXs) is determined 
by Ao-As level at the falling edge of RAS. Column address 
(A Y0-A Y7) is determined by A0-A7 level at the falling edge 
of CAS. In transfer cycles, row address is the address on 
the word line which transfers data with SAM data register, 
and column address is the SAM start address after transfer. 

W E (inp ut pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
RAS, the HM538123A turns to mask write mode. According 
to the I/O level at the time, write on each I/O can be 
masked. (WE level at the falling edge of RAS is don't care in 
read cycle.) When WE is high at the falling edge of RAS, a 
normal write cycle is executed. After that, WE switches 
read/write cycles as in a standard DRAM. In a transfer cy- 
cle, the direction of tra nsfer is determined by WE level at 
the falling edge of RAS. When WE is low, data is transferred 
from SAM to RAM (data is written into RAM), and when WE 
is high, data is transferred from RAM to SAM (data is read 
from RAM). 

I/O0-I/O7 (input/output pi ns): I/O pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only to high I/O pins. Data on low I/O pins are 
masked and internal data are retained. After that, they func- 
tion as input/output pins as those of a standard DRAM. In 



block write cy cle, th ey function as address mask data at the 
falling edge of CAS. 

DT70E (input pin): DT/OE pin func tions as DT (data trans- 
fer) pin at the falling edge_of RAS and as OE (output en- 
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle beco mes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen- 
dently. 

SC (input pin): SC is a basic SAM clock. In a serial read cy- 
cle, data outputs from an Sl/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an Sl/O 
pin at the rising edge of SC is fetched into the SAM data 
register. 

SE (input pin): SE pin activates SAM. When SE is high, Sl/O 
is in the high impedance state in serial read cycle and data 
on Sl/O is not fetched into the SAM data register in serial 
write cycle. SE can be used as a mask for serial write be- 
cause internal pointer is incremented at the rising edge of 
SC. 

SI/O0-SI/O7 (input/output pins): Sl/Os are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
Sl/O outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, Sl/O inputs data. 

DSF (input pin): DSF is a special functi on da ta input flag pin. 
It is set to high at the falling edge of RAS when new func- 
tions such as color register read /write, split transfer, and 
fla sh w rite, are used. DSF is set to high at the falling edge 
of CAS when block write is executed. 

QSF (output pin): QSF outputs data of address A7 in SAM. 
QSF is switched from low to high by accessing address 1 27 
in SAM and from high to low by accessing 255 address in 
SAM. 



• Table 1. Operation Cycles of the HM538123A 



Input Level at the Falling Edge of RAS 


DSF at the Falling 
Edge of CAS 


Operation Mode 


CAS 


DT/OE 


WE 


SE 


DSF 


L 


X 


L 


X 


X 


— 


Logic Operation Set/Reset 


L 


X 


H 


X 


X 


— 


CBR Refresh 


H 


L 


L 


L 


L 


X 


Write Transfer 


H 


L 


L 


H 


L 


X 


Pseudo Transfer 


H 


L 


L 


X 


H 


X 


Split Write Transfer 


H 


L 


H 


X 


L 


X 


Read Transfer 


H 


L 


H 


X 


H 


X 


Split Read Transfer 


H 


H 


L 


X 


L 


L 


Read/Mask Write 


H 


H 


L 


X 


L 


H 


Mask Block Write 


H 


H 


L 


X 


H 


X 


Flash Write 


H 


H 


H 


X 


L 


L 


Read/Write 


H 


H 


H 


X 


L 


H 


Block Write 


H 


H 


H 


X 


H 


X 


Color Register Read/Write 




Note: X: Don't care. 
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HM538123A Series 

■ OPERATION OF HM538123A 

• RAM Read Cycle (DT/OE high, CAS high and DSF low a t 
the falling edge of RAS, DSF low at the falling edge of CAS) 

Row address is en tered at the RAS falling edge and col- 
umn address at the CAS falling edge to the device as in 
stand ard D RAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected a ddres s data output s thro ugh 
I/O pin. At the falling edge of RAS, DT/OE and CAS be- 
come high to distinguish RAM read cycle from transfer cycle 
and CBR refresh cycle. Address access time (t/uO and RAS 
to column address delay time (tRAD) specifications are add- 
ed to enable high-speed page mode. 

• RAM Write Cycle (EarlyWrite, Delayed Write, 
Read-Modify-Write) (DT/OE high, CAS high and DSF low 
at the falling edge of RAS, DSF low at the falling edge of CAS) 

• Norm al Mode Write Cycle (WE high at the falling edge of 
RAS) 

When CAS and WE are set low after driving RAS low, a 
write cycle is executed and I/O data is written in the select- 
ed addresses. When all 8 l/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle a nd I/ O becomes in high im- 
pedance. Data is entered at the C AS falling edge. 

If WE is set low after the CAS falling edge, this cycle be- 
comes a delayed write cycle. Data is input at the WE falling. 
I/O does not become high impedance in this cycle, so data 
should be entered with OE in high. 

tf WE is set low after tcwD ( min ) and tAWD ( m in) after the 

CAS falling edge, this cycle becomes a read-modify-write cy- 
cle and enables read/write at the same address in one cy- 
cle. In this cycle also, to avoid I/O contention, data should 
be input after reading data and driving OE high. 



• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle be- 
comes a mask write mode which writes only to selected I/O. 
Whether or not an I/O is wr itten depends on I/O level (mask 
data) at the falling edge of RAS. Then the data is written in 
high I/O pins and masked in low ones and inte rnal d ata is 
retained. This mask data is effective during the RAS cycle. 
So, in high-speed page mode, the mask data is retained dur- 
ing the page access. 

• High-Speed Page Mode Cycl e (D T/OE high, CAS high 
and DSF low at the falling edge of RAS) 

High-speed page mode cycle reads/writes the data o f the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle. In this cycle, read, write, and block write cycles can 
be mixed. Note that address access time (tAA), RAS to col- 
umn address delay time (tRAo)> and acces s time from CAS 
precharge (tACp) are added. In one RAS cycle, 256-word 
memory cells of the same row address can be accessed. It 
is necessary to specify access frequency within tRASP ma x 
(100 /xs). 

• Color Register Set/Read Cycle (CAS high, DT/OE 
high, WE high and DSF high at the falling edge of RAS) 

In color register set cycle, color data is set to the internal 
color register used in flash write cycle or block write cycle. 8 
bits of internal color register are provided at each I/O. This 
register is composed of static circuits, so once it is set, it 
retains the data until reset. Color register set cycle is just 
the same as the usual writ e cy cle except that DSF is set 
high at the falling edge of RAS, and read, early write and 
delayed write cycle can be executed. In this cycle, 
HM5381 23A refreshes the row address fetched at the falling 
edge of RAS. 



Color Register Set Cycle 

« 



RAS 
CAS 



"V 



i/o g 



Flash Write Cycle 

« ► 




Flash Write Cycle 

i ► 



Set color register 




Execute flash write into each 
I/O on row address Xi using 
color register. 




Execute flash write into 
each I/O on row address 
Xj using color register. 



*1 I/O Mask Data 
Low: Mask 
High: Non Mask 



Figure 1. Use of Flash Write 
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HM538123A Series 



• Flash Write Cycle (CAS high, DT/OE high, WE low and 
DSF high at the falling edge of RAS) 

In a flash write cycle, a row of data (256-word x 8-bit) is 
cleared to or 1 at each I/O according to the data of color 
register mentioned before. It is also necessary to mask I/O 
in this cycle. When CAS and DT/OE i s set high, WE is low, 
and DSF is high at the falling edge of RAS, this cycle starts. 
Then, the row address to clear is given to row address and 
mask data is given to I/O. Mask data is the same as that of 
a RAM write cycle. High I/O is cleared, low I/O is not 
cleared and the internal data is retained. Cycle time is the 
same as those of RAM read/write cycles, so all bits can be 
cleared in 1/256 of the usual cycle time. (See figure 1.) If 
this cycle is executed in logic operation mode described lat- 
er, the logic operation mode is reset only in the cycle and 
masked data in this cycle is written. 

• Block Write Cycle (CAS high, DT/OE high and DSF low 
at th e falling edge of RAS, DSF high at the falling edge of 
CAS) 

In a block write cycle, 4 columns of data (4-word x 8-bit) 
is cleared to or 1 at each I/O according to the data of 



color register. Column addresses AO and A1 are disregard- 
ed. The data on l/Os and addr esses can be masked. I/O 
level at the falling edge of CAS determines the address to 
be cleared. (See figure 2.) If this cycle is executed in logic 
operation mode described later, the logic operation mode is 
reset only in the cycle and masked data in this cycle is writ- 
ten. 

• Normal Mode Block Write Cycle (WE high at the falling 
edge of RAS) 

The data on 8 l/Os are all cleared when WE is high at 
the falling edge of RAS. 

• Mask Block Write Mode (WE low at the falling edge of 
RAS) 

When WE is low at the falling edge of RAS, HM538123A 
starts mask block write mode to clear the data on an option- 
al I/O. The mask data is the same as that of a RAM write 
cycle. High I/O is cleared, low I/O is not cleared and the 
internal data is retained. The mask data is available in the 
RAS cycle. In page mode block write cycle, the mask data is 
retained during the page access. 



RAS 
CAS 



Color Register Set Cycle 



Block Write Cycle 



A 



J 



f 




Note*l 



WE 


I/O 


Mode 


Low 


I/O Mask Data 


Mask 


High 


Don't Care 


Non Mask 



I/O Mask Data 

Low: Mask 

High: Non Mask 
Address Mask Data 



I/O 


ColumnO (A = 0,A!=0) Mask Data 


Low: Mask 


I/Oi 


Column 1 (A = 1 , A ! = 0) Mask Data 


i/o 2 


Column2 (Aq = 0, Ai = 1) Mask Data 


High: Non Mask 


I/o 3 


Column3 (A = 1, Ai - 1) Mask Data 




Figure 2. Use of Block Write 
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HM538123A Series 

• Transfer Operation 

The HM538123A provides the read transfer cycle, split 
read transfer cycle, pseudo transfer cycle, write transfer cy- 
cle and split write transfer cycle as data trans fer cycles. 
These_ transfer cycles are set by dr iving CAS high and 
DT/OE low at the falling edge of RAS. They have following 
functions: 

(1) Transfer data between row address and SAM data regis- 
ter (except for pseudo transfer cycle). 

Read transfer cycle and split read transfer cycle: RAM 
to SAM 

Write transfer cycle and split write transfer cycle: SAM 
to RAM 

(2) Determine Sl/O state (except for split read transfer cycle 
and split write transfer cycle). 

Read transfer cycle: Sl/O output 

Pseudo transfer cycle and write transfer cycle: Sl/O 
input 

(3) Determine first SAM address to access after transferring 
at column address (SAM start address). 

SAM start address must be determined by read trans- 
fer cycle or pseudo transfer cycle (split transfer cycle 
isn't available) before SAM access, after power on, and 
determined for each transfer cycle. 

Read Transfer Cycle (CAS high, DT/OE low, WE high and 
DSF low at the falling edge of RAS) 

This cycle becomes read transfer cycle by driving DT/OE 
low, WE high and DSF low at the falling edge of RAS. The 
row address data (256 x 8-bit) determined by this cycle is 
transferred to SAM data register synchronously at the rising 
edge of DT/OE. After the rising edge of DT/OE, the new 
address data outputs from SAM start address determined by 
column address. In read transfer cycle, DT/OE must be ris- 
en to transfer data from RAM to SAM. 



This cycle can access SAM even during transfer (real 
time read transfer). In this case, the timing tsDD (min) speci- 
fied _between the last SAM access before transfer and 
DT/OE rising edge and tspH (min) specified between the 
first SAM access and DT/OE rising edge must be satisfied. 
(See figure 3.) 

When read transfer cycle is executed, Sl/O becomes out- 
put state by first SAM access. Input must be set high imped- 
ance before tszs (min) of tne f' rst SAM access to avoid data 
contention. 

Pseudo Transfer Cycle (CAS high, DT/ OE l ow, WE low, 
SE high and DSF low at the falling edge of RAS) 

Pseudo transfer cycle switches Sl/O to input state and 

set SAM start address wit hout data transfer_to_RAM. 

This cycle starts when CAS is high, DT/OE lo w, W E low, 

SE high and DSF low at the falling edge of R AS. D ata 
should be input to Sl/O later than tsio (min) after RAS be- 
comes low to avoid data con tentio n. SAM access becomes 
enabled after tsRD (min) after RAS b ecom es high. In this cy- 
cle, SAM access is inhibited during RAS low, therefore, SC 
must not be risen. 

Write Transfer Cycle (CAS high, DT/OE low, WE low, SE 
low and DSF low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans- 
ferred in to RA M is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address for serial write after terminating this cycle. Also in 
this c ycle, SAM access becomes enabled after tsRD (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC must not be risen. Data trans- 
ferred to SAM by read transfer cycle or split read transfer 
cycle can be written to other addresses of RAM by write 
transfer cycle. However, the address to write data must be 
the same as that of the read transfer cycle or the split read 
transfer cycle (row address AXe). 



RAS 
CAS 
Address 
DT/OE 
DSF 

SC 
SI/0 



"Y 



f 



X 


Xi 


X Yj 


X 






















\l 


. 


~ 












~A 


/ 






v ^- 






^ 


LSDO 




t S DH 


k^ 




\ 


"\ 


\ ' 


r 



X 



X 



X 



X 



T~w~r m 



SAM Data before Transfer 



+ 1 



SAM Data after Transfer 



Figure 3. Real Time Read Transfer 
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Split Read Transfer Cycle (CAS hi gh, D T/OE low, WE 
high and DSF high at the falling edge of RAS) 

To execute a continuous serial read by real time read 
transfer, HM538123A must satisfy SC and DT/OE timings 
and requires an external circuit to detect SAM last address. 
Split read transfer cycle makes it possible to execute a con- 
tinuous serial read without the above timing limitation. Figure 
4 shows the block diagram for a split transfer. SAM data 
register (DR) consists of 2 split buffers, whose organizations 
are 128-word x 8-bit each. Let us suppose that data is read 
from upper data register DR1 (the row address AXs is and 
SAM address A7 is 1). When split read transfer is executed 
setting row address AXs ° and SAM start addresses Aq to 
A6, 128-word x 8-bit data are transferred from RAM to the 
lower data register DRO (SAM address A7 is 0) automatical- 
ly. After data are read from data register DR1, data start to 
be read from SAM start addresses of data register DRO. If 
the next split read transfer isn't executed while data are 
read from data register DRO, data start to be read from SAM 
start address of DR1 after data are read from data register 
DRO. If split read transfer is executed setting row address 
AX 8 1 and SAM start addresses A to A6 while data are 
read from data register DR1, 128-word x 8-bit data are 
transferred to data register DR2. After data are read from 
data register DR1, data start to be read from SAM start ad- 
dresses of data register DR2. If the next split read transfer 
isn't executed while data is read from data register DR2, 
data start to be read from SAM start address of data reg- 
ister DR3 after data are read from data register DR2. In this 
time, SAM data is the one transferred to data register DR3 
finally while row address AXe is 1. In split read data transfer, 
the SAM start address A7 is automatically set in the data 
register which isn't used. 

The data on SAM address A 7 , which will be accessed 
next, outputs to QSF, QSF is switched from low to high by 
accessing SAM last address 127 and from high to low by 
accessing address 255. 



HM538123A Series 

Split read transfer cycle is set when CAS is high, DT/OE 
is low , WE is high and DSF is high at the falling edge of 
RAS. The cycle can be executed asynchronously with SC. 
However, HM538123A must be satis fied tsis ( min ) timing 
specified between SC rising and RAS falling. SAM start ad- 
dress must be accessed, satisfying tRS T (mi n), tcsT ( min ) 
and tAST ( min ) timings specified between RAS or CAS falling 
and column address. (See figure 5.) 

In split read transfer, Sl/O isn't switched to output state. 
Therefore, read transfer must be executed to switch Sl/O to 
output state when the previous transfer cycle is pseudo 
transfer or write transfer cycle. 

Split Write Transfer Cycle (CAS high, DT/OE low, WE low 
and DSF high at the falling edge of RAS) 

A continuous serial write cannot be executed because ac- 
cessing SAM is inhibited during RAS low in write transfer. 
Split write transfer cycle makes it possible. In this cycle, 
t S TS (min), t R sT (min), t C sT (min) and t A sT (min) timings 
must be satisfied like split read transfer cycle. And it is im- 
possible to switch Sl/O to input state in this cycle. If Sl/O is 
in output state, pseudo transfer cycle should be executed to 
switch Sl/O into input state. Data transferred to SAM by 
read transfer cycle or split read transfer cycle can be written 
to other addresses of RAM by split write transfer cycle. 
However, pseudo transfer cycle must be executed before 
split write transfer cycle. And the MSB of row address (AXs) 
to write data must be the same as that of the read transfer 
cycle or the split read transfer cycle. 
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Figure 4. Block Diagram for Split Transfer 
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Figure 5. Limitation in Split Transfer 



• SAM Port Operation 
Serial Read Cycle 

SAM port is in read mode when the previous data trans- 
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from Sl/O. When SE is 
set high, Sl/O becomes high impedance, and the internal 
pointer is incremented by the SC rising. After indicating the 
last address (address 255), the internal pointer indicates ad- 
dress at the next access. 

Serial Write Cycle 

If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, Sl/O data is fetched into data register at the SC rising 
edge like in the serial read cycle. If SE is high, Sl/O data 
isn't fetched into data register. Internal pointer is increment- 
ed by the SC rising, so SE high can be used as mask data 
for SAM. After indicating the last address (address 255), the 
internal pointer indicates address at the next access. 

• Refresh 
RAM Refresh 

RAM, which is composed of dynamic circuits, requires re- 
fresh to retain data. Refresh is executed by accessing all 
512 row addr esses within 8 ms. Th ere ar e three refre sh cy- 
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hi dden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required when all row addresses are ac- 
cessed within 8 ms. 

(1) RAS Only Refresh Cycle: RAS only refresh cycl e is exe- 
cuted by activating only RAS cycle with CAS fixed to 
high after inputting the row address (= refresh address) 
from external circuits. To distinguish this cycle from data 
trans fer cycle, DT/OE must be high at the falling edge of 
RAS. 

(2) CB R Re fresh C ycle: CBR refresh cycle is set by activat- 
ing CAS before RAS. In this cycle, refresh address need 
not to be input through external circuits because it is in- 



put through an internal refresh counter. In this cycle, out- 
put is in high impe dance and power dissipation is low- 
ered because CAS circuits don't operate. 

To distinguish this cycle from logic operation set/reset 
cycle, WE must be high at the falling edge of RAS. 

(3) Hidden Refresh Cycle: Hidden refresh cycle exe cutes 
CBR refresh with the data output by reactivating RAS 
when DT/OE and CAS keep low in normal RAM read cy- 
cles. 

SAM Refresh 

SAM parts (data register, shift register and selector), or- 
ganized as fully static circuitry, require no refresh. 

• Logic Operation Mode 

The HM538123A supports logic operation capability on 
RAM port. It executes logic operation between the memory 
cell data and external input data in logic operation mode 
write cycle, and writes the result into the memory cell (read- 
modify-write). This function realizes high speed raster opera- 
tions and simplifies peripheral circuits for raster operations. 

Logic Operation S et/ R eset Cycle (CAS low and WE low 

at the falling edge of RAS) 

In logic operation set/reset cycle, the following operations 
are executed at the same time; 1. Selection of logic opera- 
tions and logic operation mode set/reset, 2. Mask data pro- 
gramming, 3. CBR refresh. 

Figure 6 shows the timin g for logic operation set/reset cy- 
cle. This cycl e sta rts when CAS and WE are low at the fall- 
ing edge of RAS. In this cycle, logic operation codes and 
mask data are programmed by ro w ad dress and I/O pin re- 
spectively at the falling edge of RAS. When write cycle is 
executed after this cycle, the logic operation write cycle 
starts. In the logic operation mode, the specification of cycle 
time is longer than that of normal mode because read-modi- 
fy-write cycle, which writes the operation result of external 
data and memory cell data into memory cell, is executed in- 
ternally. In this cycle, logic operation codes and mask data 
programmed are avail able u ntil reprogrammed. Mask data is 
available only for one RAS cycle, in mask write cycle, mask 
block write cycle and flash write cycle. Here, the mask data 
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programmed in mask write cycle, mask block write cycle and 
flash write cycle is named as "temporary mask data" and 
the one programmed in logic operation set/reset cycle is 
named as "mask data". 

• Selection of Logic Operations and Logic Operation Mode 
Set/ Reset 

Table 2 shows the logic operations. One operation is se- 
lected among sixteen ones by combinations of A0-A3 levels 
at the falling edge of RAS. (A4-A8 are Don't care.) Logic 
operation codes (A3,A2,A 1 ,Ao) = (0,1 ) 0,1)(THROUGH) resets 



the logic operation mode. When write cycle is executed after 
that, normal write cycle starts. However, even in this case, 
mask data is s till av ailable. I/O must be at high level at the 
falling edge of RAS in logic operation set/reset cycle when 
mask data is not used. 

• Mask Data Programming 

High/low level of I/O at the falling edge of RAS functions 
as mask data. When I/O is high, the data is written in write 
cycle. When I/O is low, the input data is masked and the 
same memory cell data remains. Mask data, programmed in 







RAS 


/ 


CAS \ 


/ 


I 


AO-A^ f\ Logic Code f\ 






WE \ 


/ 






I/00-I/07 X Mask Data A 


0089-9 



Figure 6. Logic Operation Set/Reset 



• Table 2. 


Logic Code 












Logic Code 


Symbol 


Write Data 


Note 


A3 


A 2 


Ai 


Ao 














ZERO 
















1 


AND1 


Di»Mi 










1 





AND2 


Di«Mi 


Logic Operation Mode Set 








1 


1 


— 


Mi 







1 








AND3 


Di-Mi 







1 





1 


THROUGH 


Di 


Logic Operation Mode Reset 





1 


1 





EOR 


Di«Mi + Di-Mi 







1 


1 


1 


OR1 


Di + Mi 















NOR 


Di»Mi 












1 


ENOR 


Di-Mi + Di«Ml 









1 





INV1 


Di 


Logic Operation Mode Set 







1 


1 


OR2 


Di + Mi 




1 








INV2 


Ml 






1 





1 


OR3 


Di + Mi 






1 


1 





NAND 


D1 + M1 






1 


1 


1 


ONE 


1 






Note: Di: External Data-in. 

Mi: The data of the memory cell. 
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this cycle, is available until reprogrammed. It is advanta- 
geous when the same mask data continues. 

Also, temporary mask data can be programmed by falling 

WE at the falling edge of RAS in logic operation mode cycle, 
after mask data is programmed. The temporary mask data is 
available only for one cycle. 



Logic operation is reset during temporary mask write cy- 
cle. It means that external input data is written into I/O 
whose temporary mask data is 1 . (See figure 7.) These func- 
tions are useful when RAM port is divided into frame buffer 
area and data area, as they save the need to reprogram log- 
ic operation codes and mask them. 
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Figure 7. 2 Types of Mask Write Function and Logic Operation Function 
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Logic Operation Mode Write Cycle (Early Write, Delayed 
Write and Page Mode) 

Write cycle after logic operation set cycle is logic opera- 
tion mode write cycle. However, this mode is reset in block 
write, mask block write, flash write, and mask write cycle. In 
logic operation mode write cycle, the following read-modify- 
write operation is executed internally. 

(1) Reading memory cell data in given address into internal 
bus. 



(2) Executing operation between the data given in I/O pin 
and memory cell data. 

(3) Writing the result of (2) into address given by (1). 

Figure 8 shows the sequence of raster operation. Raster 
operation which needs 3 cycles (destination read, operation 
and destination write) in normal mode can be executed in 
one write cycle of logic operation mode. It makes raster op- 
eration faster and simplifies peripheral hardware for raster 
operation. 
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Read 1-word source data 
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i 




Write the result of operation into 
the destination address 






Write the read data into the 
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al Mode 






! 




(a) Norm 


0089-11 


(b) Logic Operation Mode 



Figure 8. Sequence of Raster Operation 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Note 


Terminal Voltage 


V T 


-1.0 to +7.0 


V 


1 


Power Supply Voltage 


v C c 


- 0.5 to + 7.0 


V 


1 


Power Dissipation 


P T 


1.0 


W 




Operating Temperature 


*opr 


Oto +70 


°c 




Storage Temperature 


T stg 


- 55 to + 125 


°c 





Note: 1. Relative to V§s- 

■ ELECTRICAL CHARACTERISTICS 



• Recommended DC Operating Conditions (T A = to + 70°C) 








Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vffl 


2.4 


— 


6.5 


V 


1 


Input Low Voltage 


VlL 


-0.5 


— 


0.8 


V 


1,2 



Notes: 



1. All voltages referenced to Vss- 

2. - 3.0V for pulse width < 10 ns. 
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• DC Electrical Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 






Parameter 


Symbol 


HM538123A-8 


HM538123A-10 


Unit 


Test Conditions 


Note 


Min 


Max 


Min 


Max 


RAM Port 


SAM Port 


Operating 
Current 


!CC1 


— 


65 


— 


50 


mA 


RAS, CAS 

Cycling 
tRC = Min 


SC = V IL ,SE = V IH 




!CC7 


- 


115 


- 


100 


mA 


SE = V IL , SC Cycling 
tscc — Min 




Standby 
Current 


J CC2 


— 


7 


— 


7 


mA 


RAS, CAS = V IH 


SC = V IL ,SE = V ffl 




!CC8 


- 


50 


- 


50 


mA 


SE = V IL , SC Cycling 
tscc = Min 




RAS Only 


!CC3 


— 


65 


— 


50 


mA 


RAS Cycling 
CAS = V IH 
tRC = Min 


SC = V IL ,SE = V ffl 




Refresh 
Current 


!CC9 


- 


115 


- 


100 


mA 


SE = V IL , SC Cycling 
tscc - Min 




Page Mode 
Current 


J CC4 


— 


70 


— 


65 


mA 


CAS Cycling 
RAS = V IL 
tpc = Min 


SC = V IL ,SE = V IH 




Jccio 


- 


120 


- 


115 


mA 


SE = V IL , SC Cycling 
tscc = Min 




CAS Before 


!CC5 


— 


55 


— 


40 


mA 


RAS Cycling 
tRC = Min 


SC = V IL ,SE = V IH 




RAS Refresh 
Current 


^Cll 


- 


105 


- 


90 


mA 


SE = V IL , SC Cycling 
tscc = Min 




Data 


!CC6 


— 


75 


— 


60 


mA 


RAS, CAS 

Cycling 
tRC ~ Min 


SC = V IL ,SE = V ffl 




Transfer 
Current 


ICC12 


- 


125 


- 


110 


mA 


SE = V IL , SC Cycling 
tscc = Min 




Input Leakage 
Current 


Ili 


-10 


10 


-10 


10 


jaA 








Output Leakage 
Current 


Ilo 


-10 


10 


-10 


10 


juA 








Output High 
Voltage 


V H 


2.4 


- 


2.4 


- 


V 


Ioh = - 2 mA 






Output Low 
Voltage 


Vol 


- 


0.4 


- 


0.4 


V 


Iql = 4.2 mA 







Note: 1. Ice depends on output loading condition when the 
• Capacitance (T A = 25°C, V C c = 5V, f = 1 MHz, Bias: 



device is selected. Ice max i s specified at the output open condition. 
Clock, I/O = V C c, Address = V S s) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Address 


Cn 


— 


— 


5 


P F 


Clock 


C12 


— 


— 


5 


pF 


I/O, SI/O, QSF 


c i/o 


— 


— 


7 


pF 
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• AC Characteristics (T A = to +70°C, V C c = 5V ±10%, V S s = 0V) 1 » 16 
Test Conditions 



Input Rise and Fall Time 
Output Load 

Input Timing Reference Levels 
Output Timing Reference Levels 



5 ns 
See figures 
0.8V, 2.4V 
0.4V, 2.4V 



Output Load (A) 

I H=-2mA +5V 

*~ 

I L=4.2mA. 



Output Load (B) 

I H=-2mA +5V 



I/O 




-Moopp 




I L = 4.2mA 



SI/0 



■50pF-i 



m 



Note: *1. Including scope and jig. 
Common Parameter 
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Parameter 


Symbol 


HM538123A-8 


HM538123A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


150 


— 


190 


— 


ns 




RAS Precharge Time 


tRP 


60 


— 


80 


— 


ns 




RAS Pulse Width 


tRAS 


80 


10000 


100 


10000 


ns 




CAS Pulse Width 


tCAS 


20 


— 


25 


— 


ns 




Row Address Setup Time 


*ASR 





— 





— 


ns 




Row Address Hold Time 


tRAH 


10 


— 


15 


— 


ns 




Column Address Setup Time 


*ASC 





— 





— 


ns 




Column Address Hold Time 


*CAH 


15 


— 


20 


— 


ns 




RAS to CAS Delay Time 


tRCD 


20 


60 


25 


75 


ns 


2 


RAS Hold Time Referenced to CAS 


tRSH 


20 


— 


25 


— 


ns 




CAS Hold Time Referenced to RAS 


tCSH 


80 


— 


100 


— 


ns 




CAS to RAS Precharge Time 


tCRP 


10 


— 


10 


— 


ns 




Transition Time (Rise to Fall) 


t T 


3 


50 


3 


50 


ns 


3 


Refresh Period 


tREF 


— 


8 


— 


8 


ms 




DT to RAS Setup Time 


tDTS 





— 





— 


ns 




DT to RAS Hold Time 


tDTH 


10 


— 


15 


— 


ns 




DSF to RAS Setup Time 


tFSR 





— 





— 


ns 




DSF to RAS Hold Time 


tRFH 


10 


— 


15 


— 


ns 




DSF to CAS Setup Time 


tFSC 





— 





— 


ns 




DSF to CAS Hold Time 


tCFH 


15 


— 


20 


— 


ns 




Data-in to CAS Delay Time 


tDZC 





— 





— 


ns 


4 


Data-in to OE Delay Time 


*DZO 





— 





— 


ns 


4 


Output Buffer Turn-off Delay 
Referenced to CAS 


tOFFl 


- 


20 


- 


25 


ns 


5 


Output Buffer Turn-off Delay 
Referenced to OE 


tOFF2 


- 


20 


- 


25 


ns 


5 
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Read Cycle (RAM), Page Mode Read Cycle 



Parameter 


Symbol 


HM538123A-8 


HM538123A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


ns 


6,7 


Access Time from CAS 


tCAC 


— 


20 


— 


25 


ns 


7,8 


Access Time from OE 


tOAC 


— 


20 


— 


25 


ns 


7 


Address Access Time 


Ua 


— 


40 


— 


45 


ns 


7,9 


Read Command Setup Time 


tRCS 





— 





— 


ns 




Read Command Hold Time 


tRCH 





— 





— 


ns 


10 


Read Command Hold Time 
Referenced to RAS 


tRRH 


10 


- 


10 


- 


ns 


10 


RAS to Column Address Delay Time 


*RAD 


15 


40 


20 


55 


ns 


2 


Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


ns 




Column Address to CAS Lead Time 


tCAL 


40 


— 


45 


— 


ns 




Page Mode Cycle Time 


tpc 


50 


— 


55 


— 


ns 




CAS Precharge Time 


tcp 


10 


— 


10 


— 


ns 




Access Time from CAS Precharge 


tACP 


— 


45 


— 


50 


ns 




Page Mode RAS Pulse Width 


tRASP 


80 


100000 


100 


100000 


ns 




Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 


Parameter 


Symbol 


HM538123A-8 


HM538123A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Write Command Setup Time 


twcs 





— 





— 


ns 


11 


Write Command Hold Time 


twCH 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


*WP 


15 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


tCWL 


20 


— 


25 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 


ns 


12 


Da$a-in Hold Time 


tDH 


15 


— 


20 


— 


ns 


12 


WE to RAS Setup Time 


tws 





— 





— 


ns 




WE to RAS Hold Time 


*WH 


10 


— 


15 


— 


ns 




Mask Data to RAS Setup Time 


*MS 





— 





— 


ns 




Mask Data to RAS Hold Time 


*MH 


10 


— 


15 


— 


ns 




OE Hold Time Referenced to WE 


tOEH 


20 


— 


25 


— 


ns 




Page Mode Cycle Time 


tpc 


50 


— 


55 


— 


ns 




CAS Precharge Time 


tcp 


10 


— 


10 


— 


ns 




CAS to Data-in Delay Time 


tCDD 


20 


— 


25 


— 


ns 


13 


Page Mode RAS Pulse Width 


tRASP 


80 


100000 


100 


100000 


ns 




Read-Modify-Write Cycle 


Parameter 


Symbol 


HM538123A-8 


HM538123A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRWC 


200 


— 


250 


— 


ns 




RAS Pulse Width 
(Read-Modify-Write Cycle) 


tRWS 


130 


10000 


160 


10000 


ns 




CAS to WE Delay Time 


*CWD 


45 


— 


55 


— 


ns 


14 


Column Address to WE Delay Time 


*AWD 


65 


— 


75 


— 


ns 


14 


OE to Data-in Delay Time 


tQDD 


20 


— 


25 


— 


ns 


12 
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Read-Modify-Write Cycle (continued) 



Parameter 


Symbol 


HM538123A-8 


HM538123A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Access Time from RAS 


tRAC 


— 


80 


— 


100 


ns 


6,7 


Access Time from CAS 


tCAC 


— 


20 


— 


25 


ns 


7,8 


Access Time from OE 


tOAC 


— 


20 


— 


25 


ns 


7 


Address Access Time 


tAA 


— 


40 


— 


45 


ns 


7,9 


RAS to Column Address Delay Time 


tRAD 


15 


40 


20 


55 


ns 




Read Command Setup Time 


tRCS 





— 





— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


tcWL 


20 


— 


25 


— 


ns 




Write Command Pulse Width 


t\VP 


15 


— 


20 


— 


ns 




Data-in Setup Time 


*DS 





— 





— 


ns 


12 


Data-in Hold Time 


tDH 


15 


— 


20 


— 


ns 


12 


OE Hold Time Referenced to WE 


tOEH 


20 


— 


25 


— 


ns 





Refresh Cycle 
















Parameter 


Symbol 


HM538123A-8 


HM538123A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


CAS Setup Time 

(CAS Before RAS Refresh) 


tcSR 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS Before RAS Refresh) 


tCHR 


15 


- 


20 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


ns 





Flash Write Cycle, Block Write Cycle 



Parameter 


Symbol 


HM538123A-8 


HM538123A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


CAS to Data-in Delay Time 


tCDD 


20 


— 


25 


— 


ns 


13 


OE to Data-in Delay Time 


tQDD 


20 


— 


25 


— 


ns 


13 



Read Transfer Cycle 
















Parameter 


Symbol 


HM538123A-8 


HM538123A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


DT Hold Time Referenced to RAS 


tRDH 


70 


10000 


90 


10000 


ns 




DT Hold Time Referenced to CAS 


tCDH 


20 


— 


25 


— 


ns 




DT Hold Time Referenced to Column Address 


tADH 


30 


— 


35 


— 


ns 




DT Precharge Time 


tDTP 


40 


— 


45 


— 


ns 




DT to RAS Delay Time 


tDRD 


70 


— 


90 


— 


ns 




SC to RAS Setup Time 


tSRS 


30 


— 


30 


— 


ns 




1st SC to RAS Hold Time 


tSRH 


85 


— 


105 


— 


ns 




1st SC to CAS Hold Time 


*SCH 


30 


— 


35 


— 


ns 




1st SC to Column Address Hold Time 


tSAH 


50 


— 


55 


— 


ns 




Last SC to DT Delay Time 


tSDD 


5 


— 


5 


— 


ns 




1st SC to DT Hold Time 


tSDH 


15 


— 


15 


- 


ns 
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HM538123A Series 

Read Transfer Cycle (continued) 











HM538123A-8 


HM538123A-10 


Unit 


Note 




symbol 


Min 


Max 


Min 


Max 


RAS to QSF Delay Time 


tRQD 


— 


95 


— 


115 


ns 


15 


CAS to QSF Delay Time 


tCQD 


— 


35 


— 


40 


ns 


15 


DT to QSF Delay Time 


tDQD 


— 


25 


— 


30 


ns 


15 


QSF Hold Time Referenced to RAS 


*RQH 


20 


— 


25 


— 


ns 




QSF Hold Time Referenced to CAS 


tCQH 


5 


— 


5 


— 


ns 




QSF Hold Time Referenced to DT 


tDQH 


5 


— 


5 


— 


ns 




Serial Data-in to 1st SC Delay Time 


tszs 





— 





— 


ns 




Serial Clock Cycle Time 


tscc 


30 


— 


30 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


ns 




SC Precharge Time 


tSCP 


10 


— 


10 


— 


ns 




SC Access Time 


tSCA 


— 


25 


— 


25 


ns 


15 


Serial Data-out Hold Time 


tsOH 


5 


— 


5 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 


ns 




Serial Data-in Hold Time 


tSIH 


15 


— 


20 


— 


ns 




RAS to Column Address Delay Time 


tRAD 


15 


40 


20 


55 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


ns 




RAS Precharge to DT High Hold Time 


tDTHH 


25 


— 


30 


— 


ns 




Pseudo Transfer Cycle, Write Transfer Cycle 


Parameter 


Symbol 


HM538123A-8 


HM538123A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


SE Setup Time Referenced to RAS 


*ES 





— 





— 


ns 




SE Hold Time Referenced to RAS 


*EH 


10 


— 


15 


— 


ns 




SC Setup Time Referenced to RAS 


tSRS 


30 


— 


30 


— 


ns 




RAS to SC Delay Time 


*SRD 


25 


— 


25 


— 


ns 




Serial Output Buffer Turn-off Time 
Referenced to RAS 


*SRZ 


10 


45 


10 


50 


ns 




RAS to Serial Data-in Delay Time 


tsiD 


45 


— 


50 


— 


ns 




RAS to QSF Delay Time 


tRQD 


— 


95 


— 


115 


ns 


15 


CAS to QSF Delay Time 


tCQD 


— 


35 


— 


40 


ns 


15 


QSF Hold Time Referenced to RAS 


tRQH 


20 


— 


25 


— 


ns 




QSF Hold Time Referenced to CAS 


tCQH 


5 


— 


5 


— 


ns 




Serial Clock Cycle Time 


tscc 


30 


— 


30 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


ns 




SC Precharge Time 


*SCP 


10 


— 


10 


— 


ns 




SC Access Time 


tSCA 


— 


25 


— 


25 


ns 


15 


SE Access Time 


tSEA 


— 


25 


— 


25 


ns 


15 


Serial Data-out Hold Time 


tSOH 


5 


— 


5 


— 


ns 




Serial Write Enable Setup Time 


tsws 


5 


— 


5 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 


ns 




Serial Data-in Hold Time 


tSffl 


15 


— 


20 


— 


ns 
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HM538123A Series 



Split Read Transfer Cycle, Split Write Transfer Cycle 



Parameter 


Symbol 


HM538123A-8 


HM538123A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Split Transfer Setup Time 


tSTS 


20 


— 


25 


— 


ns 




Split Transfer Hold Time 
Referenced to RAS 


tRST 


80 


- 


100 


- 


ns 




Split Transfer Hold Time 
Referenced to CAS 


*CST 


20 


- 


25 


- 


ns 




Split Transfer Hold Time 
Referenced to Column Address 


*AST 


40 


- 


45 


- 


ns 




SC to QSF Delay Time 


*SQD 


— 


25 


— 


30 


ns 


15 


QSF Hold Time Referenced to SC 


tSQH 


5 


— 


5 


— 


ns 




Serial Clock Cycle Time 


tscc 


30 


— 


30 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


ns 




SC Precharge Time 


tscp 


10 


— 


10 


— 


ns 




SC Access Time 


tSCA 


— 


25 


— 


25 


ns 


15 


Serial Data-out Hold Time 


*SOH 


5 


— 


5 


— 


ns 




Serial Data-in Setup Time 


tsis 





— 





— 


ns 




Serial Data-in Hold Time 


tSffl 


15 


— 


20 


— 


ns 




RAS to Column Address Delay Time 


tRAD 


15 


40 


20 


55 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


— 


45 


— 


ns 





Serial Read Cycle, Serial Write Cycle 



Parameter 


Symbol 


HM538123A-8 


HM538123A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Serial Clock Cycle Time 


tscc 


30 


— 


30 


— 


ns 




SC Pulse Width 


tsc 


10 


— 


10 


— 


ns 




SC Precharge Width 


tscp 


10 


— 


10 


— 


ns 




Access Time from SC 


tSCA 


— 


25 


— 


25 


ns 


15 


Access Time from SE 


tSEA 


— 


25 


— 


25 


ns 


15 


Serial Data-out Hold Time 


tSOH 


5 


— 


5 


— 


ns 




Serial Output BufferTurn-off 
Time Referenced to SE 


tSEZ 


- 


20 


- 


25 


ns 


5 


Serial Data-in Setup Time 


tsis 





— 





— 


ns 




Serial Data-in Hold time 


tSIH 


15 


— 


20 


— 


ns 




Serial Write Enable Setup Time 


tsws 


5 


— 


5 


— 


ns 




Serial Write Enable Hold Time 


tsWH 


15 


— 


20 


— 


ns 




Serial Write Disable Setup Time 


tswis 


5 


— 


5 


— 


ns 




Serial Write Disable Hold Time 


tSWIH 


15 


— 


20 


— 


ns 





Logic Operation Mode 



Parameter 


Symbol 


HM538123A-8 


HM538123A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


CAS Setup Time 
(CAS Before RAS) 


tcSR 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS Before RAS) 


tCHR 


15 


- 


20 


- 


ns 






HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



1237 



HM538123A Series 



Logic Operation Mode (continued) 



Parameter 


Symbol 


HM538123A-8 


HM538123A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


RAS Precharge to CAS Hold Time 


tRPC 


10 


— 


10 


— 


ns 




Write Cycle Time 


tFRC 


170 


— 


215 


— 


ns 




RAS Pulse Width 


tFRS 


100 


10000 


125 


10000 


ns 




Page Mode Cycle Time 


tFPC 


70 


— 


80 


— 


ns 




CAS Pulse Width 


tFCS 


40 


— 


50 


— 


ns 




RAS Hold Time Referenced to CAS 


tFRSH 


40 


— 


50 


— 


ns 




CAS Hold Time Referenced to RAS 


tFCSH 


100 


— 


125 


— 


ns 




Column Address to RAS Lead Time 


tFRA 


60 


— 


70 


— 


ns 




Column Address to CAS Lead Time 


tFCA 


60 


— 


70 


— 


ns 




RAS to Column Address Delay Time 


tRAD 


15 


40 


20 


55 


ns 




Write Command Setup Time 


twcs 





— 





— 


ns 




Write Command Hold Time 


twCH 


15 


— 


20 


— 


ns 




Write Command Pulse Width 


twp 


15 


— 


20 


— 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


— 


25 


— 


ns 




Write Command to CAS Lead Time 


tCWL 


20 


— 


25 


— 


ns 




Data-in Setup Time 


tDS 





— 





— 


ns 


12 


Data-in Hold Time 


tDH 


15 


— 


20 


— 


ns 


12 


WE to RAS Setup Time 


tws 





— 





— 


ns 




WE to RAS Hold Time 


tWH 


10 


— 


15 


— 


ns 




Mask Data to RAS Setup Time 


tMS 





— 





— 


ns 




Mask Data to RAS Hold Time 


tMH 


10 


— 


15 


— 


ns 




OE Hold Time Referenced to WE 


tDEH 


20 


— 


25 


— 


ns 




CAS Precharge Time 


tcp 


10 


— 


10 


- 


ns 





Notes: 1. AC measurements assume tj = 5 ns. 

2. When tRCD > tRCD (max) or tRAD > tRAD (max), access time is specified by tcAC or tAA- 

3. Vih (min) and Vtl (max) are reference levels for measuring timing of input signals. Transition time tx is measured between 
V IH and V IL . 

4. Data input must be floating before output buffer is turned on. In read cycle, read-modify-write cycle and delayed write 
cycle, either t^zc (min) or tDZO (min) must be satisfied. 

5. toFFl (max), toFF2 (max) and tsEZ (max) are defined as the time at which the output achieves the open circuit condition 
(VoH - 200 mV, V OL + 200 mV). 

6. Assume that tRCD ^ tRCD (max) and tRAD - tRAD (max). If tRCD or tRAD * s greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

7. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

8. When tRCD - tRCD (max) and tRAD - tRAD (max), access time is specified by tcAC- 

9. When tRCD ^ tRCD (max) and tRAD - tRAD (max), access time is specified by tAA- 

10. If either tRCH or tRRH is satisfied, operation is guaranteed. 

11. When twcs - twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 
condition. 

12. These parameters are specified by the later falling edge of CAS or WE. 

13. Either tcDD (min) or toDD (min) must be satisfied because output buffer must be turned off by CAS or OE prior to 
applying data to the device when output buffer is on. 

14. When tAWD ^ tAWD (min) and t^WD - tcwD (min) in read-modify-write cycle, the data of the selected address outputs 
to an I/O pin and input data is written into the selected address. toDD (min) must be satisfied because output buffer must 
be turned off by OE prior to applying data to the device. 

15. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

16. After power-up, pause for 100 jus or more and execute at least 8 initialization cycles (normal memory cycle or refresh cycle), 
then start operation. 
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HM538123A Series 



I TIMING WAVEFORMS 

' Read Cycle 



RAS 



CAS 



Address 



WE 



I/O 
(Output) 

I/O 
(Input) 



DT/OE 



DSF 



4 t CRP — H 




: Don't care 



1 Early Write Cycle 



RAS 

CAT 
Address 



WE 

I/O 
(Output) 

I/O 
(Input) 

DT/OT : 



Row 



tws-»| |^-t W H->{ +tvcs-» 



Column 




High-Z 



Mask Data 



DSF 



K-t FSR -> 



«-tRFH-» 




&/|23 Don' t care 

Oi 

Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM538123A Series 



> Delayed Write Cycle 



RAS 

CAT 
Address 



Row 



WE | 

I/O 
(Output)" 

! /° * 

(Input) | 



Mask Data 



DT/OE 



DSF 



4-tOTH-f| 



it 




M 



jgjggfl .-Don't care 

oc 
Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 



> Read-Modify-Write Cycle 



RAS 
CAT 



Address 



Column 



WE 




I/O 
(Output)" 

I/O 
(Input) 






, l DTS 

H — » 



DT/OE 
DSF 



-t-tozc- 




il l Valid Dinb»8^:g 



k 



OEH-»| 



«-tRFH-»| U-tF S C-»jk— ► 



mmmmmmmmmmmmMmmm® 



Note: 



glgg : Don't care 

Ol 

This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM538123A Series 



• Page Mode Read Cycle 




Don't care 



' Page Mode Write Cycle (Early Write) 



RAS 



CAS 



Address 



WE 



I/O ,, 

(Output) t ' t t 



(input) m&tfjmi™* 

t-OTS [H|^— >| tOTH 

DT/OT W" 



DSF 




gg||j| Don't care 

00! 

Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM538123A Series 



• Page Mode Write Cycle (Delayed Write) 



RAS 



CAS 



Address 



WE 
I/O 



(Output) - 



(Input) VMaaw - 

tOTS 



DT /0E «*** 

QflfiSy , l R,FH tFSC l CfH 

™ m M 




ggggj : Don't care 
Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 



• RAS Only Refresh Cycle 




I/O 
(Output) 



I/O 
(Input) 



DT/OE 
OSF 



inm 



tFSR 

■« ► 






: Don't care 
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HM538123A Series 



• CAS Before RAS Refresh Cycle 



ras,; 

CAS* 



Address 






r tcsa " 



tRPC 
^-4JH-tCSR 



Inhibit Falltr.g Transition $ 



J X 




Don't care 



1 Hidden Refresh Cycle 




DSF 



m^^mm mmmmm mmmmmm 



. Don't care 
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HM538123A Series 



> Color Register Set Cycle (Early Write) 



RAS 

CAT 
Address 



Row 



tws*}- +-tWH-»{ ktwcs* 



WE | 

I/O 
(Output)" 

I/O 
(Input) 

Df/OT 
DSF 




High-Z 




Don't care 



• Color Register Set Cycle (Delayed Write) 



RAS 

CAT 
Address 

W 
I/O 



(Output)" 



tASR 
A ► 



Row 



I/O 
(Input) 

DT/OT 



DSF 




High-Z 




4-tRFH-f| 



mmmmmmmmmmmmmmmmM mm 



: Don't care 
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HM538123A Series 



• Color Register Read Cycle 



RAS 



CAS 



Address 



WE 



I/O 
(Output)" 



i t RC0 ► 



I/O 
(Input) 



DT/OE 



DSF 




Don't care 



> Flash Write Cycle 




Don't care 
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HM538123A Series 
• Block Write Cycle 




dsf mmmmmm 






[§||| . Oon't care 

0089-29 

Note: * 1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle when WE is low. 



• Page Mode Block Write Cycle 



RAS 



CAS 



Address 



WE 



I/O 
(Output) 

I/O 
(Input) 



DT/OE 
DSF 




J : Don't care 

0089-30 

Note: * 1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle when WE is low. 
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HM538123A Series 



• Read Transfer Cycle (1) 



RAS 



lAS 



Address 



I/O 
(Output 



DT/OE 



DSF 



SI/O 
(Input) 

QSF* 1 



QSF* 




SC 



S I /o 

(Output^ Val,d Sout & 



.-Don't care 



Notes: *1. This QSF timing is referred when SC is risen once or more between the previous transfer cycle and CAS falling 
edge of this cycle (QSF is switched by DT rising). 
*2. This QSF timing is referred when SC isn't risen between the previous transfer cycle and CAS falling edge of this 
cycle (QSF is switched by RAS or CAS falling). 
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HM538123A Series 



• Read Transfer Cycle (2) 



SI/O 

(Output) tsIS 



SI/0 
(Input) 




QSF 



SAM Address MSB 




:a->| «- — >| 

t S QHK-» I 

# tva1idSo»t| #f 
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HM538123A Series 



> Pseudo Transfer Cycle 



RAS 



CAS 



Address 



WE 



I/O 

(Output) t0TS 



DT/OE 



DSF 



SE 



SC 

tSOH' ' P 

SI/0 vTHdVS 

(Output)Sou "■ 

SI/O 
(Input) 




QSF 



•(— tcqo— > 



SAM Address MSB $ 



: Don't care 
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HM538123A Series 



• Write Transfer Cycle 




(Output; t t 

SI/0 
(Input) 



SflPfl fflKj 



t-SIS l SIH tSIS tSIH 



hH H 



k—» H— » j H— » K— H 

[valid Sm | i |||ffi Valid Sin ffi 



-tRQH- 



QSF 



SAM Address MSB 



: Oon't care 



1250 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HM538123A Series 



• Split Read Transfer Cycle 



RAS 



CAS 



WE 



I/O 
(Output 



DT/OE 



DSF 



SE 



SC 



Low 



SI/O 
(Output). 

SI/O 
(Input) 



, SAM Start : j 
% Address Y. K 




tCSH 

4 tRSH- 



tCAH 
-« ► 






Hiah-Z 




i — tscc — > 
Utiles. 







-tsoo— » 



QSF 



tsoo-> 



SAM Address MSB 



: Don't care 



Note: *1. If the next transfer cycle after read transfer cycle is split read transfer cycle, one or more access to SC are required 
between read transfer cycle and split read transfer cycle. 
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HM538123A Series 



• Split Write Transfer Cycle 



RAS 



CAS 



Address 



I/O 
(Output) 



DT/OE 



OSF 



SE 



SC 
SI/O 



(Output) 



SI/O -v.iu 

(Input) Sin 



QSF 




^!T)® n§y J M^d Sin 



SAM Address MSB 



: Don't care 
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HM538123A Series 



• Serial Read Cycle 



SE 



SC 



SI/0 



4 t SCA ► 

H— tsoH — -H 



mutnut) Valid Sout 



i'. Val 



<— tSEZ — H 
id Sout jh- 



1 



-tSCA K 



Valiu Set 



Vi/ *■ Sou. 



: Don't c;are 



> Serial Write Cycle 



SE 



si/o 



t-SWH 
-< ► 



tSWIS, tSWIH tswS 

H — ► H— ► K— -* 



tSIH 

K i 



Input) i nvalid Sinj 



tsis 

A ► 



*SIH 
< ► 



Valid Sin! 



i W 



H 



tSIH 
"< ► 



Valid Sin! 



j : Don't care 



• Logic Operation Set/Reset Cycle 




&§$ .-Don't care 
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HM538123A Series 

• Logic Operation Mode Early Write Cycle 



RAS 



CAS 




Address gg % Ro, 

U. t W S-»| ff-twHs» 



WE 

I/O 

(Output) . tMS+ 

I/O 
(Input) 

of/oT 

OSF 

] : Oon't care 

0089-40 

Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 



• Logic Operation Mode Delayed Write Cycle 



RAS 



CAS 



Address 




I/O 

(Output) . tMS ^ <_ tMH . 

I/O 



(Input) M& 

Ff/oT 

DSF 

» ■■■*■ — '»va. ^v/AVJAV . \v . v.v . v.v.v . v%y.w . ff;v/.v . v . v . v.v . 

jjgjjjl -Don't care 

0089-41 

Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and •< 
temporary mask write cycle starts. 
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HM538123A Series 



• Logic Operation Mode Page Mode Write Cycle (Early Write) 



RAS 

CAS" 



Address 



WE 



I/O 



(Output) l [js 

I/O 
(Input) 



DT/OE 



OSF 




Don't care 



0089-42 

Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 



• Logic Operation Mode Page Mode Write Cycle (Delayed Write) 



RAS 



CAS 



hH— tfcs — ► *tcp— ► ! i 1, 



"IP 




] : Don't care 

0089-43 

Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and < 
temporary mask write cycle starts. 
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HM538123A Series 



• Logic Operation Mode Read-Modify-Write Cycle 




: Don't care 

0089-44 

Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 
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